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ABSTRACT

Cattle that ingest tall fescue infected with the fungal
endophyte, Acremonium coenophialum. exhibit signs of ergot

alkaloid toxicity.

Symptoms characteristic of fescue-

toxicity include a reduction in weight gain, increased basal
body temperature and exhibit reproductive problems including
a delay in puberty, a reduced rate of conception, an

increased rate of abortion, and an inhibition of pituitary
prolactin secretion.

A study was conducted to determine: 1)

if follicular development and function were compromised in
the heifer raised on endophyte-infected fescue, 2) if there
were alterations in basal and stimulated pituitary and

ovarian hormone secretion, and 3) if the toxins produced by
the fungus endophyte (i.e. ergotamine) could affect steroid
secretion by granulosal and thecal cells in
culture.

Results from this study indicate that prolactin

secretion is inhibited and basal gonadotrophin (LH and FSH)
levels tend to be elevated in the E+ fescue ingesting

heifer.

Luteinizing hormone release in response to 17fi-

estradiol secretion by the E+ yearling heifer was reduced at
14-15 hours after the Ej injection in years 1 (P>.10), 2
(P<.05) and 3 (P>.10).

Results from this study also showed

that only 36% of the E+ yearling heifers had ovulated in
response to Ej-stimulation compared to 71% of the controls.
Similar results were observed in the 8-month-old heifer

following GnRH-stimulation in which 85% of the control

V

heifers had produced a corpus luteum compared to only 34% of
the E+ heifers.

Androstenedione, testosterone and estrogen secretion
was inhibited in the E+ heifer.

In addition, the number of

primary, secondary, and antral follicles and regressed
corpora lutea were reduced in E+ fescue ingesting heifers.

Ergotamine, a fungal endophyte product, was shown to act
directly on the granulosal and thecal cell to alter steroid

production and secretion.

Ergotamine stimulated

androstenedione and progesterone secretion by the thecal
cell; however, estrogen and progesterone production by the
granulosal cells in culture was reduced.

It appears, therefore, that reductions in follicular

development, and alterations in gonadotrophin and steroid

secretion may all contribute to the lowered reproductive

efficiency seen in the fescue ingesting cow or heifer.
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CHAPTER I
INTRODUCTION

Recent studies suggest that at least 95% of the tall
fescue pastures grown in the United States are infected with

the fungal endophyte Acremonium coenophialum (Bacon et al.,
1986; Yates and Powell, 1988).

The fungus produces

ergopeptides, primarily ergovaline (Yates and Powell, 1988),
which are detrimental to the livestock that ingest it,
especially during periods of heat-stress and/or cold-stress.
Symptoms characteristic of fescue toxicity in cattle include

decreased weight gain, rough hair coat, increased body
temperature, decreased milk production and decreased

pituitary (Schillo et al., 1988) and serum prolactin (PRL)
concentrations (Ball, 1984).

Several studies indicate that

factors produced by the endophyte (i.e. ergovaline, N-acetyl
loline, lysergic acid amide) are capable of inducing
vasoconstriction of peripheral (Oliver et al., 1990; Oliver

et al., 1993) and core body tissues (Rhodes et al., 1991).

In addition, reproductive problems such as failure to cycle
and conceive, delayed puberty, and an increased rate of

abortion plague toxic fescue-ingesting animals (Bacon et
al., 1986).

Progesterone secretion in gravid mares (McCann

et al., 1992) and pubertal heifers (Estienne et al., 1990)
is diminished after the consumption of infected fescue as
well.

Therefore, a study was conducted to determine; 1) if

follicular development and function were compromised in the
heifer raised on endophyte-infected fescue, 2) if there were
alterations in basal and stimulated pituitary and ovarian
hormone secretion, and 3) if ergotamine, a ergopeptine
alkaloid produced by infected fescue, could affect steroid
secretion by granulosal and thecal cells in culture.

An

alteration in one or more of these parameters could provide
a potential explanation for the reduction in reproductive

efficiency observed in cattle ingesting endophyte-infected
fescue.

CHAPTER II
LITERATURE REVIEW

The Effects of Funaal-Infected Fescue on Hormone Secretion

Many studies have been conducted to examine the effects
of endophyte-infected (E+) fescue on hormonal secretion.

Gravid mares placed on 100% E+ fescue pastures had reduced
levels of prolactin (PRL) within 48 hours of the initiation

of grazing in two out of the three years tested (McCann et
al., 1992).

Prolactin levels in the mares grazing E+ fescue

pastures returned to concentrations similar to or greater
than that of mares grazing non-infected (E-) pastures within

5 days after mares had been removed from the pastures
(McCann et al., 1992).

The concentration of PRL, growth

hormone (GH) and insulin (I) was examined before and after

an injection of thyrotrophin-releasing hormone (TRH) in
steers fed either 16% or 44% E+ fescue over the summer

grazing period (Thompson et al., 1987).

Serxam PRL

concentrations were decreased in the steers fed the 44%
fescue but not in those fed the 16% fescue and there was no

effect on insulin secretion in either group.

Growth hormone

was elevated only in the 44% group and there was no

difference in GH concentrations between groups in the
response to TRH (Thompson et al., 1987).

Christopher and associates (1990) examined the effects

of grazing infected (85%) and non-infected fescue (<5%)
pastures on the secretion of PRL, GH and luteinizing-horraone

(LH) in ovariectomized (OVX) cross-bred heifers.

Mean and

maximum level of PRL, and frequency of pulse amplitude of
PRL and GH were significantly reduced in the E+ heifers.
Basal levels of PRL were reduced but basal level of GH and

LH were unchanged.

The reason for the disparate results in

GH response to E+ fescue in these two studies was not known;
however, Thompson et al. (1987) observed that when

temperatures increase at mid-day, there is a decrease in
time spent grazing by steers which may result in reduced
forage intake.

Hentges and Trenkle (1984) have determined

that decreased caloric intake in cattle is associated with
an increase in serum concentrations of GH.

The effect of E+ fescue consumption and ambient

environmental temperature on heat dissipation, diet
utilization, and hormone secretion (PRL, triiodothyronine,
thyroxine, and cortisol) in beef heifers was recently

reported (Aldrich et al., 1993).

Prolactin levels were

significantly lower (53 ng/ml) at the end of the experiment
(day 20) in the E+ heifers compared to the control group
(91.4 ng/ml); however, there was no treatment effect on

plasma levels of cortisol, triiodothyronine (T3), or

thyroxine (T^).

These results support previous findings in

which neither T3 or T^ were affected by the consumption of
toxic fescue (Hurley et al., 1981).
The fungal endophyte, Acremonium coenophialum.

associated with tall fescue grass produce ergot alkaloid

compounds such as loline alkaloids, lysergic acid amides,
and ergopeptides (Lyons et al., 1986; Yates and Powell,
1988).

Wuttke et al. (1971) found that PRL and LH release

was inhibited from pituitaries co-cultured with hypothalamic
extracts of rats treated with the ergopeptine alkaloid,

ergocornine.

Direct effects of several known fungal

endophyte-produced factors were tested in an in vitro rat

pituitary perfusion system (Strickland et al., 1992).
Ergonovine, «-ergocryptine, and several loline alkaloids as

well as endophyte-infected and endophyte-free fescue seed
extracts were added to culture media and perfused through

hemipituitary cultures for 15 minutes.

The endophyte-

infected seed extract reduced PRL secretion from the

pituitaries while the endophyte-free seed extracts had no
effect.

N-formyl loline, N-acetylloline and N-methyl loline

had no effect on the pituitary secretion of PRL.

et-

Ergocryptine inhibited PRL secretion in a dose-dependent
manner; however, ergonovine and the loline alkaloid,
perloline, stimulated PRL secretion.

The results of these

studies suggest that the ergot alkaloids produced by E+
fescue are capable of reducing pituitary hormone secretion.
Results are equivocal with regard to the effects of E+
fescue on gonadotrophin secretion.

Luteinizing hormone

levels were not affected in ovariectomized cross-bred

heifers grazing 85% fungal-infected fescue pastures
(Christopher et al., 1990) or in postpartum cows fed diets

containing 10 and 20% fungal-infected fescue seed (Mizinga
et al, 1990).

Cycling beef cows fed endophyte-infected

fescue seed exhibited no significant change in basal PRL or
LH secretion and there was no difference in LH released in

response to a subinaxiinal dose (7ng/ml, i.v.) of GnRH

(Mizinga et al., 1991).

Mizinga and associates (1992)

reported that the consumption of endophyte-infected seed
(95%of the seed was infected) had no effect on basal and

GnRH-stimulated LH secretion in either primiparous cows or
cycling heifers when the seed comprised 10-30% of the diet.

Diets for these animals consisted of cottonseed and soybean
hulls, soybean meal, dehydrated alfalfa and up to 40% steam
rolled corn.

Basal and TRH-stimulated PRL secretion was not

significantly reduced in the heifers at any time during the
40 days (Experiment 2) or in the primiparous cows until day
70, the last day of Experiment 1.

Average daily gain (ADG)

was significantly decreased (P<.05) but milk production was
not affected.

Serum levels of PRL were not reduced,

therefore, the authors proposed that the cows did not

receive a sufficient amount of the ergovaline during the
early phase of the experiment (Mizinga et al, 1992).

By the

end of the study, however, the heifers and cows had received

a greater dose of ergovaline (3,207 jig/day) than that

ingested under typical grazing conditions (1,780 ng/day;
Peters et al.,1989).

Therefore the authors proposed that

the absence of a reduction in PRL was not an indication that

fescue toxicosis had not occurred since the dose of

ergovaline required to reduce PRL levels has not been
determined and the reduction in feed intake and ADG

confirmed that fescue toxicosis had occurred.

Therefore,

the authors concluded that consumption of E+ fescue does not

directly affect LH secretion (Mizinga et al., 1992).
Our preliminary studies indicate that when there is a
significant reduction in serum PRL concentration due to the

consumption of E+ fescue, basal, GnRH- and Ej-stimulated
gonadotrophin secretion is also reduced (McKenzie and

Erickson, 1989; McKenzie and Erickson, 1991).

However, our

studies also indicate that when ambient temperatures were
high (primarily in August), PRL secretion was unaffected but
basal LH secretion was diminished in E+ fescue grazing

heifers.

Consequently, we assumed that the high August

temperatures may have led to the diminished differences in

PRL secretion between E+ and E- fescue grazing heifers since
PRL secretion will increase under conditions of stress

(Zamir et al., 1983; Karg and Schams, 1974) and with high
ambient temperatures (Smith et al., 1977; Hurley et al.,
1981).

However, Thompson and associates (1987) found that

basal and TRH-stimulated secretion of PRL is still reduced

in heifers grazing moderately high levels of fungus-infected
fescue during the summer.

Additionally, a study conducted

by Hurley et al., (1981) in calves fed fescue low in
alkaloid content demonstrated that basal and TRH-stimulated

PRL levels were elevated in association with increased

ambient temperatures but the level of PRL did not increase
in calves fed fescue high in alkaloids.

Photoperiod also affects PRL secretion.

Plasma

concentrations of PRL decreased in sheep and cattle as the
duration of light decreased (Tucker et al., 1984).

Levels

of PRL are high in the spring, decrease in July/August and
remain low through December/January (Karg and Schams, 1974).
However, PRL levels were still reduced following the
ingestion of E+ fescue compared to controls when the length
of daylight is reduced in the fall months (McKenzie, 1987).
Therefore, since fescue is primarily a cool weather forage,

it is likely that poor pasture conditions which occur in
late summer (loss of fescue) could reduce the dose of

alkaloid (Belesky et al., 1988; Bush and Siegel, 1991) and
thereby leave PRL secretion unaltered.

In addition, the

type and quantity of alkaloid produced by the fungal
endophyte has been shown to fluctuate due to seasonal or

environmental changes (Lyons et al., 1986).

Serum concentrations of progesterone (P^) were reduced
in horses that grazed fungal-infected fescue (McCann et al.,
1992).

Pregnant mares (3-8 weeks prepartum) that were

placed on 100% endophyte-infected fescue (without energy
supplementation) for 21 days had significantly decreased

(P<.05) levels of P^ compared to mares grazing the 0%
infected tall fescue (8.5±1.6 vs 13.3±1.7 ng/ml,
8

respectively).

difference in

Ahmed and associates (1990) observed no

concentrations in luteal phase heifers that

had grazed fungal-infected fescue for 56 days.

The effects

of E+ fescue hay fed with and without energy supplementation
(1.8 kg corn) on onset of puberty and luteal development was

studied by Estienne et al. (1990).

Puberty was defined in

their study as the time when a corpus luteum (CL) detectable

by ultrasound was accompanied by serum P^ concentrations
greater than 1 ng/ml.

In contrast to the E- group, the

first CL of the E+ heifers was unaccompanied by high P^
levels (i.6ng/ml; P<.05).

The ingestion of E+ fescue by pubertal heifers was

associated with diminished ovarian response to pregnant
mare's serum gonadotrophin stimulation (McKenzie, 1987).

Plasma concentrations of 176-estradiol were significantly

higher (P<.03) in the control heifers (260±76 pg/ml)
compared to the E+ heifer group (61±34 pg/ml).

An analysis

of the effects of E+ fescue on gonadal steroid secretion,

other than P^, has not been reported by others.
Relationship Between Eraot Alkaloids and Catecholamines

Prolactin secretion is under the tonic inhibitory
control of the neurotransmitter dopamine (DA), a monoamine
released from the tuberoinfundibular neurons of the

hypothalamus (Moore, 1987).

Dopamine is released from the

dopaminergic neurons into the hypophysial portal circulation

and is transported to the anterior pituitary (Moore, 1987)

where it binds to high affinity DA receptors present on the
lactotrophs or PRL secreting cells (Foord et al., 1983).

The dopamine agonist bromocryptine and the antagonist
Haloperidol can be used to induce hypoprolactinemia and
hyperprolactinemia, respectively (Arita and Kimura, 1986).
Dopamine can suppress both the synthesis and release of PRL
from the lactotrophs by inhibiting adenylate cyclase

activity and cAMP production via pituitary D2 receptors
(Caron et al., 1985).

The mechanism by which the alkaloid effects on PRL

secretion in cattle has been reasonably defined.

Treatment

with DA antagonists (Bolt et al., 1983) in beef heifers
grazing E+ fescue reversed the effects on PRL secretion.
Similar results were obtained in wethers treated with the DA

antagonist Spiperone (Henson et al., 1987).

Prior to

Spiperone treatment, plasma DA levels were high in the group
grazing E+ infected fescue compared to those wethers grazing
rye-orchardgrass but, treatment of the wethers with the

antagonistic drug resulted in decreased DA concentrations

and increased PRL secretion.

A study conducted by Schillo

et al. (1988) to determine whether E+ fescue alters the
concentration of DA and its metabolites in the stalk median

eminence (SME), preoptic area (POA) and the hypothalamus
(HP) showed that dopamine concentrations were reduced in the
SME of E+ fed steers but were not different in the HP and

POA.

The level of the dopamine metabolite homovanillic acid
10

(HVA) was unchanged in the SME but was decreased in the HP
and POA in treated steers.

Since metabolite levels are a

reflection of neuronal activity, the decrease in HVA may

indicate a reduction in DA neuron activity.

The level of

dihydroxyphenylacetic acid (DOPAC), another DA metabolite,

was apparently unaffected by the consumption of E+ fescue;
however, the DA which is released by the tuberoinfundibular

dopaminergic (TIF) neurons into the hypothalamic-hypophysial
portal system is quickly removed and is therefore less

likely to be converted to DOPAC (Moore, 1987).

The decrease

in SME DA levels reported in E+ grazing steers (Schillo et
al., 1988) is probably caused by decreased PRL levels since
PRL is involved in the regulation of its own release through
feedback mechanisms on the TIF neurons (Moore, 1987).

In

addition, these neurons lack DA receptors and do not form
synapses with other neurons; therefore, there are no

neuronal feedback loops (Moore, 1987).

Moreover, since the

TIF neurons do not respond to DA agonists and antagonists,

the potential effect of the ergot alkaloids on both DA and
PRL secretion is doubtful (Moore, 1987).

Thus, Schillo et

al. (1988) concluded that the ergot alkaloids are acting

directly at the level of the lactotroph via DA receptors to
reduce PRL concentrations.

This conclusion was later

confirmed by studies on the direct action of ergot alkaloids
on PRL secretion in pituitary cultures conducted by

Strickland and associates (1992) discussed above (page 5).
11

The reduction in PRL could lead to a decrease in TIF

neuronal activity and a reduction in DA content in the SME
(Schillo et al., 1988).

However, Schillo et al. (1988)

propose that the decrease in concentration of the metabolite

HVA may be the result of ergot alkaloid-induced suppression
of dopaminergic neuronal activity in other parts of the
hypothalamus (i.e. POA) whose terminals synapse on the DA
neurons resulting in inhibition of neuronal activity.
The importance of prolactin in bovine reproduction is
not well defined; however, it is known that it is not

luteotrophic in cattle (Hoffman et al., 1974) but it is

important for milk secretion (Tucker et al., 1984).

In

addition, neither the bovine corpus luteum (Bevers et al.,
1989) nor the granulosa or theca cells of the bovine

follicle (Bevers et al., 1988) possess binding sites for
PRL.

Luteinizing hormone is required for normal follicular

and luteal development in the bovine, thus a reduction in

LH, as seen in our studies (McKenzie and Erickson,1989;

McKenzie and Erickson, 1991), would provide a mechanism by
which E+ fescue could adversely affect reproduction.
The means by which LH may be reduced in E+ fescue

ingesting animals is not known but it has been suggested
that the alkaloid may be acting directly at the hypothalamus
to decrease or adversely affect GnRH secretion (Wuttke et

al., 1971).

Since ergot alkaloids have agonistic activity

at both the «-adrenergic (Solomons et al., 1989) and the DA

12

receptors (Schillo et al., 1988), examination of the
interaction of ergot alkaloids and the catecholamines (CAT)
on LH secretion is warranted.

Local administration of the «-adrenergic antagonist
phenoxybenzamine (PBZ) into the preoptic area (POA) of the
anestrous ewe increased pulse frequency and the mean

concentration of LH.

Pimozide (PIM), a dopamine antagonist,

injected into the median eminence (ME) and retrochiasmatic
area (which together form the medial basal hypothalamus or

MBH) also increased mean concentrations of LH and pulse
frequency.

Since there is no synaptic contact between NE

terminals and GnRH cell bodies in the POA, Havern and
associates (1991) propose that NE neurons stimulate the DA
neurons whose cell bodies extend into the ME.

Here the DA

neurons synapse on GnRH terminals to inhibit its release.
These results are supported by the finding that the DA

antagonist PIM could partially block the inhibitory effects
of the NE agonist clonidine (Goodman, 1989).

In addition,

Kuljis and Advis (1989) demonstrated the presence of
synaptic contacts between DA and GnRH neurons in the ME of

the ewe as well as the significant reduction of ME-GnRH
release following the administration of DA.
The intravenous administration of DA and NE had no

effect on basal secretion of LH in pituitary stalktransected ewes, although PRL was suppressed by both

catecholamines (Donnelly and Dailey, 1991).
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However,

infusion of DA resulted in suppression of GnRH-induced LH
secretion whereas NE had no effect.

In addition to its

hypothalamic effects on LHRH neurons in the anestrus ewe
(Goodman, 1989), DA may inhibit binding of GnRH at the
gonadotroph or suppress the increase in calcium required for

GnRH activity (Donnelly and Dailey, 1991).

However, the

authors propose that NE effects on LH secretion do not occur

at the pituitary.
In the bovine, neither adrenal NE or epinephrine (E)
had an effect on LH secretion; but when given in conjunction

with GnRH, both catecholamines reduced the LH response to
GnRH (Hardin and Randel, 1983).

Further evidence for the

role of NE as a modifier of GnRH release in the bovine is

the presence of specific «-adrenergic binding sites in the
SME of the steer (Chen et al., 1981).

Catecholamines have both excitatory and inhibitory
influence on LH secretion in rats (Condon et al., 1986).
Barraclough and associates (1984) reviewed the effects of
hypothalamic CAT on gonadotrophin secretion in rats under
various steroidal environments.

In general, NE rather than

DA is responsible for stimulating LHRH release and

ultimately inducing the preovulatory LH surge.

More

specifically, on the afternoon of proestrus, an increase in
NE turnover occurs in the ME which results in the release of

Ej-stimulated, newly synthesized GnRH which results in the
LH surge.

Dopamine turnover decreases as plasma levels of
14

LH increase although the DA turnover rate was high at the
beginning of the surge in proestrus rats (Barraclough et
al., 1984).

Dopamine turnover and portal blood

concentrations of DA do not change in steroid-treated intact

rats.

Perhaps the difference in response of DA under these

circximstances is due to the different steroid pattern
involved.

In other words, in the proestrus rat as LH

increases there is a decrease in Ej and an increase in P^,
whereas in the steroid-treated rat, the concentration of the

two hormones remains constant.

A change in the steroid

ratio might result in a change in the DA turnover rate in
the tuberoinfundibular region.

In OVX rats treated with Ej and P^, increased NE
turnover was associated with a significant increase in GnRH
and the LH surge was amplified.

Similar results were

reported in E2+P4-primed castrated male and female rats
equipped with third ventricle NE-infusing cannulae (Condon
et al.,1986).

The intracerebroventricular (ICV) infusion of

NE elevated plasma LH in both sexes.

However, when the

castrated rats were not steroid primed, ICV infusion of NE

reduced plasma LH and LH pulse frequency in both the male
and female as well as LH pulse amplitude in the female

(Condon et al., 1986). Treatment with Ej alone resulted in
an increased NE turnover rate without a significant increase
in ME LHRH and little change in pituitary LH secretion
(Barraclough et al., 1984).
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In summary, the catecholamines appear to have; 1)

inhibitory effects on LH secretion in the anestrus ewe, 2)

no effect in the cycling ewe, 3) suppressive effects on
GnRH-stimulated LH secretion in the bovine and 4)

stimulatory effects on GnRH and LH in the proestrus and
steroid-primed intact and OVX rat; however, DA did not
appear to exert any effect in the rat.

The apparent species

differences in LH and/or GnRH response to NE and DA may
actually be a reflection of ovarian steroid modulation and

influence on the neural signal responsible for gonadotrophin
secretion.
These studies have established that NE and DA are

capable of exerting an effect on gonadotrophin secretion in
most species; therefore, ergot alkaloids, through their

binding to CAT receptors, may directly influence LH
secretion in the E+ fescue ingesting prepubertal heifers.

Indirect effects of E+ fescue on gonadotrophin secretion are
possible as well.

It is well known that undernutrition

leads to a decline in LH secretion (Day et al., 1986;
Richards et al., 1989; Schillo, 1992) and since growth of

the undernourished heifer can be impaired (Day et al.,
1986), an adverse effect on LH synthesis and secretion is

likely to follow.
The Effects of Funaal-Infected Fescue on the Ovary

The mammalian ovary may be susceptible to the effects

of ergot alkaloids through its supply of adrenergic nerves
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and associated catecholamine (CAT) receptors.

The nerves,

along with the ovarian vasculature, enter the ovary at the

hilar region and are associated with blood vessels, smooth
muscle cells and cells of the follicular theca interna

(Burden, 1985).

In addition, ovaries of some species

contain a network of nerves closely associated with
primordial and developing follicles (Burden, 1985).

The

granulosa cells and corpora lutea, however, are not directly

innervated (Burden, 1985).

High concentrations of

catecholamines, primarily NE, are present in the whole ovary

and follicular fluid of many species (rat, hen and pig; Bahr
and Ben-Jonathan, 1985).

The presence of adrenergic nerves

and associated CAT implies that adrenergic nerves may

influence such processes as steroid secretion, follicular
selection, development, and ovulation.

Likewise, removal of

CAT via drugs or surgical denervation has been shown to

inhibit the ovarian response to exogenous gonadotrophin
stimulation (Burden, 1985).

Local ovarian sympathectomy in

guinea pigs, achieved by injecting 6-hydroxydopamine into a
surgically closed ovarian bursa, resulted in decreased
nximbers of preantral follicles with an increase in large

atretic follicles compared to the control ovary (Burden,
1985).

There were no differences in total number of

vesicular follicles of control and sympathectomized ovaries
and neither group had ovaries which had ovulated (Burden,
1985).

However, sympathectomized ovaries could still
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respond to gonadotrophin stimulation, in a manner similar to
control ovaries, with increased follicular development and
ovulation.
The role of catecholamines in ovarian function is not

well defined although it is known that they exert their

effects via Bj-adrenergic receptors. In addition, there
appears to be an inverse relationship between CAT and

gonadotrophin concentrations within the ovary.

For example,

when peripuberal rats were injected with PMSG at 28 days of
age, NE levels were reduced by 40% twelve hours after the

injection.

Further reduction (40%) in NE occurred on day 30

in association with the PMSG-induced preovulatory
gonadotrophin surge (Bahr and Ben-Jonathan, 1985).

There

were no differences between whole ovary or follicular levels

of NE in the control or PMSG-primed rats.

In addition Bahr

and Ben-Jonathan (1985) have shown that FSH, not LH, is the

primary gonadotrophin responsible for the depletion of NE
from the Graafian follicle in the rat.

Removal of NE via superior ovarian nerve (SON) section

results in a dramatic increase in ovarian 6-adrenergic
receptor content (Ojeda and Aguado, 1985).

Follicle-

stimulating hormone also induces Bj-adrenergic receptors,
required for P^ production, in cultured granulosal cells and
it is, therefore, likely that the FSH-induced depletion of

NE is necessary for the appearance of these Bj-receptors and
the subsequent formation of the CL (Bahr and Ben-Jonathan,
18

1985).

The presence of adrenergic nerves in the vicinity of
primordial follicles and the presence of

''^^®

granulosa cells of developing follicles provides a potential
means by which the ergot alkaloids could adversely effect

follicular growth and survival.

Although data provided by

Muller-Schweinitzer and Weidmann (1978) suggest that ergot

alkaloids can neither stimulate or inhibit B-adrenoceptors
in some experimental models, studies conducted on rat
astrocytoma and frog erythrocyte cells indicate that high
concentrations of dihydroergotamine, an ergot alkaloid,
could block the stimulatory effects of noradrenaline at this

receptor (Muller-Schweinitzer and Weidmann, 1978).

Ergot

alkaloids, present in the circulatory system of the ovary
and follicular fluid, could alter normal ovarian physiology
in one of two ways: 1) as a CAT agonist, ergot alkaloids
could prevent the "depletion of NE" that normally follows
the gonadotrophin surge by mimicking NE activity and thereby

interfere with the induction of the B2-adrenoceptors
necessary for P4 production by the theca interna, or 2) as a

CAT antagonist by binding to the 62 receptors and altering
normal CAT function.

Endophyte-infected fescue has also been shown to

adversely affect ovarian follicular and luteal development
and function.

An alteration in luteal function occurred in

pubertal heifers fed endophyte-infected hay (Estienne et
19

al.,1990).

Sixty-two percent of the E+ hay fed heifers that

had developed a CL had reduced circulating levels of
(s.Sng/ml).

Ahmed and associates (1990) examined the

effects of toxic fescue in heifers grazing E+ pastures for
56 days on CL development in heifers.

Electron microscope

and histological analysis revealed a greater number of

mitochondria, lipid droplets and secretory granules in the
corpora lutea of E+ fed fescue heifers.

These results

suggest that infected fescue causes alterations in the

development of the CL.

There was not, however, a difference

in the weights of the corpora lutea or serinn
concentrations.

A study by McKenzie (1987) indicates that heifers which
are raised on E+ fescue have a reduction in number of

primary (1®), secondary (2®) and vesicular (3®) ovarian

follicles.

Since the number of primary follicles in the

bovine is established before birth (Erickson, 1966), the
ergot alkaloids may be exerting their negative effects

during prenatal development.

This period of development

corresponds to the point in time when the primordial germ
cells are apparently more susceptible to the detrimental

effects of radiation and alkylating chemicals compared to

the oocytes of the primary or growing follicle (Erickson,
1985).

However, it is not known whether the ergot alkaloids

produced by the fescue have cytotoxic effects.

Loss of

primary follicle populations may have occurred postnatally
20

but the incidence of atresia among the primary follicles was

not quantified.
The Vasoconstrictive Effects of Eraot Alkaloids

Aside from the potential direct detrimental effects of
alkaloids on the reproductive system, alkaloid-induced
vasoconstriction may be important (Solomons et al., 1989;
Oliver et al., 1990; Rhodes et al., 1991).

Reduced blood

flow to the skin, intestines and endocrine glands (pancreas,

thyroid and adrenals) and other body core tissues was
reduced in heat stressed wethers and steers fed fescue high
in endophyte (Rhodes et al., 1991).

Likewise, the ergot

alkaloids ergotamine, ergosine and agroclavine, through the
stimulation of primarily a-adrenoceptors, induced
vasoconstriction in the dorsal pedal vein of cattle
(Solomons et al.,1989).

Oliver and associates (1990) have

demonstrated that N-acetyl loline can induce

vasoconstriction in the bovine lateral saphenous vein as
does lysergic acid amide (Oliver et al., 1993).

Since

catecholamines have vasoconstrictive effects, the depletion
of NE in the ovary prior to ovulation may be necessary to
allow for increased blood flow to the mature follicle.

The

presence of ergot alkaloids in the ovary may result in a

persistent state of vasoconstriction.

This would provide a

less then adequate hormonal environment required for

follicular development and could ultimately lead to atresia.
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CHAPTER III

OVARIAN EFFECTS OF FDNGUS-INFECTED FESCUE
IN THE BEEF HEIFER

Introduction

A fungal endophyte, Acremonium coenophialum (MorganJones and Gams, 1982), associated with tall fescue is known

to produce factors which are toxic to cattle (Yates and
Powell, 1988; Hemken et al.,1984).

Symptoms characteristic

of fescue toxicity include reduced feed intake and average

daily gain (ADG) (Holing et al., 1989), rough hair coat,

increased basal body temperature (Hemken et al., 1984), and
decreased pituitary (Schillo et al., 1988) and serxm

prolactin (PRL) concentrations (Ball, 1984).

Reproductive

efficiency is also compromised as indicated by delayed onset
of puberty, an increased incidence of abortion and a

reduction in conception rates (Bacon et al., 1986).

In

addition to these effects, there is evidence that factors

produced by the fungus, such as N-acetyl loline (Oliver et

al., 1990) and ergovaline (Rhodes et al., 1991), are capable
of reducing blood flow to peripheral and core body tissues.

Given that reproductive processes are adversely affected and
that vasoconstriction to core body tissues occurs in animals

ingesting infected (E+) fescue, examination of the specific
effects of toxic fescue on the ovary is warranted.
Therefore, a study was conducted to determine if chronic

exposure to fungus-produced toxins during prepubertal and

postweaning development affected ovarian development and
28

function.

In addition, potential residual effects of E+

fescue on ovarian function were evaluated by placing heifers
that had been developed on E+ fescue pastures on an E- hay

diet prior to breeding.

Materials and Methods
General Procedures

A three year study was conducted in which each year
forty Hereford x Angus cows and their Sinunental-sired calves
were placed on one of eight 4-hectare tall fescue (Festuco

aruninacia Schreb.) pastures.

Pastures were seeded with a

mixture of E- and E+ (80%) fungal-infected seed to obtain
pastures with the following treatments: (1) 0% infection
(n=2), (2) low (15% and 30%) levels of infection (n=2), (3)

medixim (45% and 60%) fungal infection (n=2), and (4) a high
(75%) level of fungal infection (n=2).

However, by the time

this study was conducted (3 years after seeding), actual

levels of infection were greater than expected.

Sixty

percent of the tillers in both the low and medixim pastures
were infected and 80% of the tillers were infected in the

high pastures.

Consequently, only 3 groups were available

for study.

Each pasture was grazed by five cows and their calves;

however, for this study, only heifer calves (n=60) were
evaluated.

In each of the three years, the spring born

heifers were grazed on the pastures without receiving
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supplemental feed until the time of weaning.

of the heifers at weaning was 241 days.

The mean age

At weaning, the

heifers were removed from the pastures, allotted to pens
based on pasture infection and were fed a diet comprised of

corn silage with cracked shelled corn at 1% body weight
(adjusted each 28 day weight period) and cottonseed meal
(CSM; llb/head/day) until they were approximately one year

of age.

At this time the heifers were separated into two

groups based on pasture infection and fed hay (free choice)
with either a 0% or 100% level of infection.

Heifers did

not receive supplemental feed or forage during the period in

which they were receiving the hay diet.

Heifers which had

been raised on E- pastures were fed the 0% hay and heifers
which had been grazing the i80% fungus-infected pastures
were placed on 100% fungus-infected hay (Table 1).

The

remaining heifers from the 60% pastures were randomly

divided in order to attain an equal group of heifers
receiving either 0% or 100% hay per year (Table 1).

These

procedures resulted in three treatment groups; a) heifers
(n=19) which had been raised on E- pastures and then fed 0%
hay (control or E-/E-); b) heifers (n=30) which had been

raised on E+ (^80% or 60%) pastures and then fed 100%

fungus-infected hay (E+/E+); and c) heifers (n=ll) which had
been raised on E+ pastures (60%) but then switched to 0% hay
(E+/E-) (Table 1).

The purpose of this step was to

determine whether the toxicants ingested during the
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prepubertal period had a residual effect on postpubertal

ovarian function.

Following a 30 day period on the hay

diets, heifers were synchronized and bred at first estrus by

Table 1. Treatment distribution during a three year study
in beef heifers consuming endophyte-infecl:ed fescue.
Endophyte

Pasture

Hay

Treatment

present

Infection

Infection

Groups

E-

il%

0%

E-/E-

E+

60%-80%

0%

E+/E-

E+

i80%

100%

E+/E+

artificial insemination (AI) and were then placed with a
bull for about 45 days.

Heifers remained on the hay diet

throughout the breeding period.

At the end of breeding, the

heifers were returned to the feedlot and fed a corn silagecorn-CSM diet (described above) before being switched to a
finishing diet of shelled corn and tenderleen.

The time

between breeding and slaughter was 93 days for the first
year heifers and 70 days for heifers in years 2 and 3.
There was little difference in age at slaughter (507, 500
and 497 days of age for years 1, 2 and 3 respectively).

reproductive tracts were collected at slaughter and
pregnancy was determined.
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The

Oveariam Analysis
At slaughter, ovaries were placed in Bouin's solution
for fixation.

Ovaries were quartered parallel to their long

axis, fixed in Bouin's fluid, and examined grossly for
active and regressed corpora lutea.

Number of regressed

corpora lutea served as an indicator of frequency of
ovulation.

Ovaries were sectioned at a thickness of 10

microns (nm) and stained with hematoxylin and Orange G.

Two

sections, lOOum apart, from each quarter of each ovary were
mounted and evaluated microscopically for number and quality

of follicles.

Follicles were classified as: a) primary - an

oocyte surrounded by a single layer of granulosa cells; b)
secondary - an oocyte surrounded by at least two layers of

granulosa cells; c) vesicular - follicle with a fully formed

vesicle.

An estimate of the total number of primary and

secondary follicles was obtained by multiplying the average
of the total counts per section by the number of sections

per ovary.

Number of primary and secondary follicles listed

in Table 2 represents the average of both ovaries over all
three years.

In order to avoid duplication, only primary

and secondary follicles containing an oocyte with the
majority of its chromatin visible were counted.

One section

from each of the extreme sides of the ovary as well as one

section from the middle of the ovary was used to estimate
the number of vesicular follicles.

Vesicular follicles were

categorized as either normal or atretic.
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A follicle was

considered atretic when either no granulosa cells were

present or when there were degenerative changes (pyknotic
granulosal cells) in those that were present.

Statistical Analysis
The data were analyzed by analysis of covariance as
made possible by the GLM procedure of SAS (1985) for a
completely randomized design.

The model used to test the

effect of treatment on number of primary and secondary

follicles included treatment, pasture within treatment, and
year with age included as a covariable.

The model for

effects on vesicular follicles and ovulation included

treatment and year with body weight included as a covariable

since undernutrition or dietary energy can affect ovarian
development in cattle

(Perry et al., 1991).

Treatment x

year interaction was included in the model initially, but
was removed because it was not significant.

Treatment

effects were tested using non-orthogonal contrasts (SAS,
1985).

Results

The ingestion of E+ fescue may have adversely affected

follicular survival and development as shown in Tables 2, 3,
4, and 5.

The number of primary and secondary follicles did

not differ between the E- heifers and E+ heifers (Table 2)
when averaged over the three year period.
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There were no

Table 2. Effect of prepubertal consumption of E+ fescue

Primary^

Secondary'^

n

(X 10^)

(X 10^)

E- (il%)

19

1.06 ± .16

2.7 ± 0.3

E+ (^60%)

41

.88 ± .11

2.1 ± 0.2

Pasture Infection

^Values are least squares means
± SE.
N(

'Oocyte with a single layer of granulosal cells.
•

+1
'Oocyte with two or more layers
of granulosa cells.
OC
•

Table 3. Effect of prepubertal consumption of E+ fescue

Primary^

(X 10^)

Secondary*^

(X 10^)

Year

E-

E+

E-

E+

1

2.0±.3^

.8±.2®

3.8±0.4y

2.0±0.4^

2

.5±.3

.9±.2

1.5±0.5

2.3±0.4

3

.7±.2

2.7±0.4

2.1+0.5

^Values are least squares means ± SE.

"Oocyte with a single layer of granulosal cells.

^Oocyte with two or more layers of granulosal cells.
"'®Means in the same row with different superscripts differ
P<.02).

'^Means in the same row with different superscripts differ

(Ps.02).
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Table 4. Effect of chronic exposure to E+ fescue on

follicui.ar

survival and development in beef heifers^.
Vesicular
Follicles"

Treatment

n

Normal

Atretic

Total

Regressed CL°

E-/E-

19

54±6y

26±3

8019^

2.410.4^

E+/E-

11

30±8^

17±4

47±12^

2.210.5^'^

E+/E+

30

44±5y/Z

22±3

6617^'^

1.3±0.3^

^Values are least squares means ± SE.

"Follicles with a fully formed vesicle.

*^Previous sites of ovulation for years 2 & 3.

^'^Means in the same column with different letters in their
superscripts differ (Pi.03).
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Table 5. Effect of chronic exposure to E+ fescue on

follicular survival and development between years^.
Vesicular
Follicles

Year

E-/E-

E+/E-

E+/E+

Normal

1

34±4^

14±7°

1813®

Atretic

14±2

9±4

912

Total

48±5^

23110®

2715®

73±18

36121

77114

Atretic

39±9

23111

3217

Total

112±26

59131

109120

211^

11.4®

56±9

29111

4517

Atretic

27±6

1718

2815

Total

82±14

46118

73111

Normal

2

1± 5b,C

Regressed
CL

Normal

3

Regressed

4±1^

31lb,c

111®

CL

^Values are least squares means ± SE.

"'•^Means in the same row with different superscripts
differ (P<.02).

"'®Means in the same row with different superscripts
differ (P<.05).
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significant differences in follicle number between pastures
within each treatment group.
Year had a significant (Pi.05) effect on the primary
follicle population but did not affect secondary follicle
numbers (P>.10).

The number of primary follicles in year 1

control heifers was more than twice that of E+ heifers

(Table 3; P<.02).

The average number of primary follicles

was not significantly different between treatment groups in
the last two of the three years of the study.

The year 1

control group had a significantly greater number (Pi.02) of

growing or secondary follicles than the E+ group.

However,

the number of secondary follicles in the E+ group was not
different from controls in years 2 and 3.
Heifers that had grazed the E+ fescue pastures before
being fed non-infected hay (E+/E-) had the lowest number of

primary follicles (53.1±20.4 x 10^) compared to controls

(102.2115.6 X 10^) and E+/E+ treated heifers (99.9112.1 x
10^) but the differences were not significant. The
secondary follicle population of the E+/E- heifers was

significantly reduced (1.710.4 x 10^; Pi.04) compared to the
controls (2.710.3 x 10^) but was not different from the
E+/E+ group (2.310.2; P>.10).

There was no statistical

difference in the number of secondary follicles between the
control and E+/E+ heifers.

There were no differences in

number of secondary follicles between pastures.

Ovarian function, as reflected by number of vesicular
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follicles and ovulations, is presented in Table 4.

When

averaged over the 3 years, the E-/E- heifers had a
significantly greater number of normal vesicular follicles
than the E+/E- group (P i.02) but were not different from
the E+/E+ group (Table 4).

The nvimber of atretic vesicular

follicles was not statistically different between the three
treatment groups.

The total number of vesicular follicles

was greater (P^.02) in the E-/E- group compared to the E+/Egroup but the total number of vesicular follicles in E+/E+
group did not differ from the other treatments.

Body weight had no affect on vesicular follicle number,
but the effects of year were significant for all vesicular

follicle criteria (Pi.01).

Control heifers in year 1 had a greater number (P<.02)
of normal vesicular follicles than either the E+/E- or E+/E+
heifers but number of atretic vesicular follicles did not

differ (Table 5).

The population of total vesicular

follicles was also significantly greater (P<.04) in the
control group versus the E+/E- or E+/E+ groups.

In year 2,

there was no difference in the number of normal vesicular,
atretic, or total n;amber of vesicular follicles between the

control, E+/E-, and the E+/E+ heifers.

In the third year,

control heifers had a greater number of normal vesicular

follicles (P=.07) than the E+/E- group but was not different
from the E+/E+ group (P>.10).

The atretic follicle and

total vesicular population were not significantly different
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in year 3.
Ovaries were not examined for the number of regressed
corpora lutea in the first year of the study.

When years 2

and 3 are averaged, the number of regressed corpora lutea in

control heifers was greater than that of the E+/E+ group
(P^.03) but there was no difference between the control and
E+/E- group.

Year had a significant effect on the number of
regressed corpora lutea (Pi.01) and the values for each year

are presented in Table 5.

The number of regressed corpora

lutea was greatest (Pi.02) in the E+/E- group compared to

the E+/E+ heifers but was not significantly different from
the E-/E- group in year 2.

Year 3 control heifers had a

significantly greater number of regressed corpora lutea than

the E+/E+ heifers (P<.02).

The number of regressed corpora

lutea in the E+/E- heifers was not different from either the
control or E+/E+ heifers (P>.10) in year 3.

Pregnancy was not significantly affected by treatment

(P>.10) in years 1, 2 or 3.

When years were combined,

thegroup with the highest pregnancy rate was the E+/E- group
of which 91% (10/11) of the heifers were pregnant compared
to only 74% (14/19) of the control group and 70% (21/30) of

the E+/E+ group.

Body weight had a slight effect on

incidence of pregnancy (P=.06).
Heifers were weighed prior to being placed on the hay

diet and then again approximately three weeks after the
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breeding period.

The control heifers weighed 693 lbs before

being fed the hay and 737 lbs after breeding.

The E+/E-

heifers weighed 665 and 701 lbs before and after breeding on

the hay diet, respectively.

The E+/E+ heifers weighed

slightly less than the E+/E- group at both sampling times
(649 and 698 lbs).

There was no difference in weight of

heifers in the E+/E- (871), control (847), or E+/E+ (823)
groups at slaughter.

Discussion

The follicular populations of the heifers ingesting E+
fescue may have been adversely affected by fungus-infected
fescue.

The number of primary and secondary follicles were

not statistically different between treatment groups (P>.10)
but the number of primary and secondary follicles were
reduced to 83% and 78% of the controls, respectively.

Although the differences were not significant, these results
are consistent with previous findings in which control

heifers had a greater number of primary (P<.06) and
secondary (P>.10) follicles compared to the E+ ingesting

heifers (McKenzie, 1987).

Since the nvunber of primary

follicles in the bovine is established by birth (Erickson,
1966), the apparent reduction of germ cells in the E+
treatment groups might have occurred during prenatal
development when the primordial germ cells are most
susceptible to detrimental effects of toxic agents
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(Erickson, 1985).

Prenatal and preweaning exposure of CD-I

mice to toxic fescue significantly delayed the onset of

puberty in both
of the

males and females and reduced the weights

females' offspring (Varney et al., 1991).

These

results suggest that prenatal development may be adversely
affected by the toxicants associated with fescue.

Of the

sixty heifers used in this study, 32 were born to dams that
had been bred while on the treatment pastures.

Therefore,

the number of primary follicles in offspring from dams

grazing the pastures during breeding and gestation was
compared to the number of follicles found in heifers born to

dams placed on the treatment pastures after calving and the

difference between the groups was not significant.

The

difference in number of primary follicles in E+/E- heifers
was not different from the other two groups but there were
fewer (P=.06) primary follicles in the E+/E- heifers.

There

was a significant reduction in number of secondary follicles
in the E+/E- heifers (which had been exposed to the toxins
during the grazing period only), thus the loss of primary
and secondary follicles most likely occurred during

prepubertal development.

The reason the number of primary

and secondary follicles was so low in the E+/E- group is

likely a function of small sample size.

In year 2 of the

study, the ovaries of the controls contained only .5±.3 x

10^ primary follicles (n=6) while ovaries of the E+ group
contained .9±.2 x 10^ (n=15) primary follicles. Within the
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control group, four of the six heifers had primary follicle

numbers less than 46,000 with one heifer having about 18,000
primary follicles.
The reproductive consequences of a reduction in the

pool of primary follicles in long-lived species is not known
but a low number of primary follicles at birth is associated

with an early age at menopause in women (Mattison, 1985).

A

reduction in number of primary follicles is correlated with
reduced fertility in mice (Jones and Krohn, 1961) and rats
(Mandl and Zuckerman, 1951; Sopelak and Butcher, 1982).

As

female rats age and the number of primary follicles

decrease, the incidence of abnormal estrous cycles and
embryonic mortality increases (Lu et al., 1979; Sopelak and
Butcher, 1982).

Chronic exposure to the toxic fescue may

result in accelerated loss in primary follicles which may
cause loss of secondary follicles which, in turn, could
affect number and health of vesicular follicles.

A decrease

in the number and quality of vesicular follicles might then
induce alterations in the levels of hormones which, in turn,
could disrupt normal reproductive functions.
The number of normal and total vesicular follicles in

the E+/E- group was significantly less than the control

group but the difference between the control group and the

E+/E+ heifers was not significant.

These results correspond

to previous findings in which PMSG (pregnant mare serum
gonadotrophin)-stimulated pubertal heifers grazing non42

infected fescue had a higher plasma concentrations of 176estradiol (260.0±75.8 pg/ml; P<.03) compared to heifers

grazing the infected pastures (61.4133.9 pg/ml; McKenzie,
1987); thus indicating that follicular development is

diminished in the heifer grazing E+ fescue.
The magnitude of the effect on vesicular follicle

development in the E+ hay ingesting heifers may have been
greater than that observed since 70 to 90 days had elapsed
between the end of the exposure to the E+ hay and slaughter.

Although the difference in number of regressed corpora lutea

did not differ between the E+/E- and E+/E+ groups, the
number of regressed CL in the E+/E+ heifers was only 59% of
the E+/E- heifers (Table 4).

Overall, heifers fed E- hay

had 43% more regressed corpora lutea (Pi.03) than heifers
fed E+ hay indicating an increased level of ovarian

activity.

It appears, therefore, that once the E+/E-

heifers were removed from the toxic fescue, the ovaries were
capable of overcoming the negative effects of the fescue and
efficiently utilizing a low number of vesicular follicles,

since the E+/E- heifers had not been fed endophyte-infected
fescue hay, the reduced number of vesicular follicles may be

a function of the low number of primary and secondary
follicles available for development.

In the bovine, the

number of primary follicles is positively correlated with
the nvunber of growing and vesicular follicles (Erickson,
1966).
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There was no difference in pregnancy rates between
treatment groups; however, heifers that had been exposed to

the E+ hay during the 45 day breeding period had lower
conception rates (70%) compared to heifers fed the E- hay

(80%).

These results support the findings of others in

which pregnancy rates were reduced in heifers grazing 100%

infected fescue pastures (Aremu and Essig, 1992) or fed >90%
endophyte-infected hay (Peters et al., 1992).

Pregnancy

rates in the present study were greater compared to first

service (44.8%) and overall pregnancy rates (51.7%) in

crossbred beef heifers fed low (<15%) endophyte fescue hay
(Peters et al., 1992).

In the study conducted by Peters and

associates (1992), heifers were artificially inseminated at
least two times but natural service was not used, therefore,

the heifers in the present study may have had an additional
cycle in which to breed.

Within the E- hay group, fewer E-/E- heifers (P>.10)
were pregnant (74%) than the E+/E- heifers (91%). There was

no difference in the pregnancy rate between the E-/E- (74%)
and E+/E+ (70%) groups (see results).

We have no

explanation for the low conception rate in the E-/E- group.
However, results of studies (Dunn et al., 1969; Smith et

al., 1980) in which heifers or cows of poor body condition
were placed on an improved plane of nutrition prior to

breeding had higher conception rates than either heifers or
cows that were maintained on low, moderate or high levels of
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nutrition.

Results of this study support the above findings

since the E+/E- heifers had the highest conception rate and
had gained the most weight by the end of the study.
The mechanisms by which the endophyte-produced toxins

might exert their negative effects on ovarian development
are not known but diminished PRL secretion is probably not

involved since PRL receptors have not been found in the
bovine ovary (Severs et al., 1987; Severs et al., 1988).
Ergovaline and N-acetyl loline, fungus-produced alkaloids,
have vasoconstrictive properties (Rhodes et al., 1991;

Oliver et al., 1990).

Oliver and associates (1990) have

demonstrated that N-acetyl loline will induce

vasoconstriction in the bovine lateral saphenous vein.

Likewise, the ergot alkaloids ergotamine, ergosine, and
agroclavine induce vasoconstriction in the bovine dorsal

pedal vein via «-adrenergic receptors (Solomons et al.,
1989).

Ergovaline was capable of reducing blood flow to

several endocrine glands (pancreas, adrenal gland and
thyroid) and organs (spleen, kidney, etc.)(Rhodes et al.,
1991).

Effects on the ovary have not been tested but

chronic exposure to E+ fescue may result in a state of
vasoconstriction which could impair follicular survival and
function.

It is also possible that the alkaloids may have

direct effects on the oocytes or other cells of the ovary.
Ergot alkaloids have been shown to bind to the 6-adrenergic
receptors of the rat astrocytoma and the frog erythrocyte
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(Berde and Schild, 1978).

Ovarian fij-adrenergic receptor

content changes in association with the phases of the
estrous cycle (Jordan, 1981).

Also, 6-adrenoceptor

concentration increases with FSH stimulation (Adashi and
Hseuh, 1981; Bahr and Ben-Jonathan, 1985) and surgical

denervation of the superior ovarian nerve (Ojeda and Aguado,
1985).

In addition, adrenergic agents cause an increase in

progesterone secretion by the bovine corpus luteum (Condon
and Black, 1976; Godkin et al., 1977) indicating that
catecholamines can influence ovarian activity.
In conclusion, the number of primary, secondary, and

atretic follicles did not differ significantly between
treatment groups but normal vesicular follicle and total

number of vesicular follicles were reduced in the E+/Eheifer.

There was a tendency, however, for the number of

ovarian follicles to be reduced in heifers consuming E+
fescue during prepubertal development.

A reduction in the

follicle population during prepubertal development may lead
to a reduction in the number and development of vesicular
follicles and this, in turn, may contribute to a reduction

in fertility.

The ovulation rate in E+/E+ heifers was

significantly reduced compared to the control heifers and

the incidence of pregnancy was reduced.

The pregnancy rate

was greatest in the E+/E- group which may have been due to
the improved level of nutrition that occurred when the

heifers were switched from E+ pastures to E- hay.
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CHAPTER IV

PITUITARY AND OVARIAN HORMONE SECRETION
IN THE BEEF HEIFER FOLLOWING THE CONSUMPTION

OF FUNGUS-INFECTED (E+) FESCUE

Introduction

Tall fescue grass is prevalent in the South Central

United States, however, the fungal endophyte Acremonium
coenophialum (Morgan-Jones and Gams, 1982) associated with

this forage produces factors that are toxic to grazing
livestock (Hemken et al., 1984; Yates and Powell, 1988).
Animals that ingest products of the fungal-endophyte exhibit
signs of ergot alkaloid toxicity.

Symptoms manifested

include an increase in basal body temperature and retention

of winter hair coat (Hemken et al., 1984), "fescue foot" or
the sloughing of feet, tail, and ears, reduced feed intake

and weight loss (Holing et al., 1989), and vasoconstriction
(Oliver et al., 1990; Rhodes et al., 1991).

Certain

reproductive processes are also adversely affected in

several species (cattle, sheep, and horses).

A delay in

puberty, an increased incidence of abortion, a decrease in
the number of conceptions, and agalactia or reduced milk

production occur in fungal endophyte-infected (E+) fescue
ingesting animals (Bacon et al., 1986).

In addition,

pituitary function is directly affected following the
consumption of E+ fescue as indicated by reduced PRL

secretion in vivo (Ball, 1984) and in vitro (Wuttke et al.,
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1971).

The effect of the ingestion of toxic fescue on

luteinizing hormone (LH) is uncertain and follicle-

stimulating hormone (FSH) secretion has not been evaluated.
Therefore, the objective of this study was to determine the
effects of E+ fescue on basal, GnRH- (Gonadotrophin-

releasing hormone), Ej- (176-estradiol), and Pregnant Mare's
Serxim Gonadotrophin- (PMSG) stimulated secretion of

gonadotrophins and steroids in the pre- and post-pubertal
heifer.

An alteration in pituitary or ovarian hormone

secretion may provide a potential explanation for the
reduction in reproductive efficiency observed in cattle that
ingest E+ fescue.

Materials and Methods
General Procedure

A study utilizing Hereford x Angus x Simmental cross

heifers was conducted over a three year period.

Herd

management practices and experimental procedures regarding
pasture infection and the distribution of heifers into

fungus-free (E-) and E+ fescue treatment groups for years 1,
2, and 3 are described in the "Materials and Methods"

section of Chapter III ("Ovarian Effects of Fungus-Infected
Fescue in the Beef Heifer").

All heifers were maintained on their respective
pastures during the prepubertal period.

At weaning the

heifers from years 1, 2, and 3 were removed from the
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pastures and placed on the feedlot and fed a diet composed

of corn silage with cracked shelled corn and cottonseed meal

until approximately one year of age (see Chapter III).
Yearling heifers were placed on a fescue hay diet containing

either 0% or 100% fungal endophyte without feed or forage
supplementation.

Distribution of heifers into the hay

treatment groups was dependent upon prior exposure to the

fungal endophyte.

Heifers that had been grazing the control

pastures were fed non-infected (0%) hay and the heifers that

had been grazing pastures with an endophyte level of ^80%
were placed on the 100% endophyte-infected hay (Chapter

III).

The remaining heifers from the 60% pastures were

randomly assigned to either the 0% or 100% fungus-infected
hay group for each year in order to evenly distribute the

number of animals per group and to test for potential
permanent effects on the pituitary and ovary.

The heifers

remained on the hay diet throughout the breeding period
(about 45 days) and were then placed on a finishing diet

until slaughter (see Chapter III).

Experimental Procedure
Heifers were subjected to a series of blood collections

throughout the first year of life in order to characterize

pituitary and ovarian hormone secretion after the ingestion
of E- or E+ fescue.

Blood was collected via the jugular

vein into serum separator vacutainer tubes and then
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immediately placed on ice until the samples could be
centrifuged (within 12 hours).

The samples were centrifuged

at 3000 rpm for 20 minutes and serum was removed and stored

at -20®C until assayed for the gonadotrophins (LH and FSH),

PRL (prolactin), and the gonadal steroids progesterone (P4),
androstenedione (a^A), 17B-estradiol (Ej), and testosterone
(T).
Basal hormone secretion was examined as well as the

pituitary and ovarian hormonal response to exogenous
hormonal stimulation.

Within each year, heifers were

injected intramuscularly (i.m.) with a 1 mg dose of 17S-

estradiol-3-benzoate and with the GnRH analog des-Gly-10-[DAla-6]-GnRH-ethylamide (5iig/ml or lOixg/ml dose) during

different phases of development.
In an attempt to fully characterize the hormonal

profile of the developing heifer fed E+ fescue, the type of
hormonal challenges and mean age at which each challenge was

administered varied over the 3 years.

Therefore, the

collection times, specific hormone challenge, and the age
and weight (when available) for each year will be described
separately.

Year 1:

Basal hormone level were determined in samples
collected from 66, 86, and 87-day-old fescue grazing

heifers.

GnRH was also administered to 87-day-old heifers
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and blood samples were collected at 2.5 and 4 hours after

the injection.

GnRH was again administered to weaned 236-

day-old heifers and blood was collected 2 hours later.

An

injection of £3 was given to 283-day-old heifers on the
weaning diet and samples were collected 16.5, 18.5 and 20

hours post-injection.
at 351 days of age.

Heifers were placed on the hay diet

Four days later a GnRH challenge was

conducted and samples were collected at the time of the

injection, 1 and 3 hours later.

Two basal samples, one-half

hour apart, were collected in the 363-, and 374-day-old

heifer.

In addition to the basal bleedings, the 363-day-old

heifers were synchronized with a single dose of
prostaglandin-F2« (PGF-2«; Lutalyse, UpJohn Co.).

A second

E2 challenge was given to the heifers at 367 days of age and
blood was collected 15, 18, 21.5, and 24 hours after the

injection.

Year 2:

Blood samples from basal and GnRH-stimulated heifers

were obtained in the 163- and 219-day-old heifer to
determine whether the effects of E+ fescue on PRL and LH

secretion were different between the summer (poor pasture
conditions) and fall under better pasture conditions and
increased concentration of certain ergot alkaloids.

Blood

was collected at 2 hours post-injection in 4-month-old

heifers (August) and at 1, 2, and 6 hours after the GnRH in
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7-month-old heifers (October).

The heifers were weaned at

247 days of age and then placed on the hay diet at one year
of age.

The interval between placement on the hay and

initiation of the sample collections was increased compared
to the 1988 protocol in order to acclimate the heifers to
the treatment.

Heifers (386-days-old) were injected with a

20mg dose of lutalyse twenty days after placement on the hay

diet.

Two days later, the heifers were given GnRH and bled

at 0 and 1.5 hours post-injection.

The following day,

heifers (390-day-old) were injected with GnRH again to test
the ability of the pituitary to restore releasable stores of
LH and FSH.

Samples were collected at the time of

injection, 1.5 and 3 hours post-injection.

Four days later,

heifers were given another 20mg dose of lutalyse to destroy
the corpus lutea (CL) which may have resulted from the GnRH

stimulation.

Then, an E2 challenge was given to the heifers

at 396 days of age with blood sample collections at 15,

18.5, 21.5 and 24 hours after Ej.

Year 3:

Successive injections of GnRH (5iig/.5ml) were given to
heifers at 104 and 105 days of age to determine if GnRHstimulated gonadotrophin secretion and synthesis is
inhibited by toxic fescue at an early age.

Basal samples

were obtained at time 0 and additional samples were

collected at 1.5 hours after the injection on both days and
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0.5 hour following the injection on day 2.

GnRH was

administered to heifers at 230 days of age, during the fall
grazing period, and blood samples were collected at time 0,
1, and 2.5 hours after the injection.

Three days later an

injection of 20mg of lutalyse was given. An Ej challenge
was given to 236-day-old heifers and samples were obtained

at 14, 17, and 21 hours post-injection.

A GnRH challenge

was effected one week later to assess both pituitary and

luteal function.

Blood samples were also collected at 0, 1,

and 2.5 hours following GnRH.

The heifers were then removed

from the infected (and non-infected) pastures during weaning
and residual effects were assessed from blood collected

after the following challenges at these times:
Day 1 - GnRH (lOng); 0, 1.5 & 6 hours

Day 2 - Basal; 0 & 30 minutes
Day 6 - Basal + PGF2«; 0 & 30 minutes

Day 8 - Basal + E2 injection; 0 & 30 minutes
Day 9 - Post-Ej; 14,16 & 18 hours
Day 12 - Basal; 0 & 30 minutes

This series of sample collections were initiated in 273-,
315- and 343-days-old heifers while on the weaning diet.

Heifers were placed on the hay at the 355 days of age.

The

series of hormone challenges listed above was repeated in

heifers ingesting 0% or 100% endophyte-infected hay 16 days
later (371 days old).
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Radioiodinations

Luteinizing hormone was iodinated by a modified
Chloramine-T method described by Brown and associates

(1983).

lodination and reference grades of LH were provided

by Dr. L. Reichert, Albany Medical School, New York.

Follicle stimulating hormone and PRL were iodinated using a
revised version of the iodogen method developed by Dr. D. J.
Bolt (Bolt and Rollins, 1983).

lodination and reference

grade FSH was also supplied by Dr. Bolt, USDA, Beltsville,
Maryland.

Radioimmunoassays

Basal level hormones within each sample collection time

were guantitated separately and then pooled for statistical

analysis. Prolactin was not affected by GnRH- or E2stimulation, therefore, values for PRL were pooled for
statistical analysis.

All samples were analyzed for PRL

except those collected in year 2.

Luteinizing hormone and

FSH concentrations were determined in basal, GnRH- and Ejstimulated samples.
year 3 samples.

Analysis of steroids was conducted on

Progesterone was evaluated in samples

collected on the days following the GnRH and E2 challenges.
Estrogen was determined following the GnRH challenges as

well as in untreated heifers. In general, a^A and
testosterone were determined in samples following GnRH and

E2 stimulation.
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The gonadotrophins were analyzed using a double-

antibody assay described by Niswender et al. (1969) for LH
and a modified version of an FSH RIA procedure described by
Bolt and Rollins (1983).

The LH antibody (#15 antiovine LH)

was provided by Dr. G. D. Niswender of Colorado State

University and the antibody to FSH (USDA bFSH-BP3) was
provided by Dr. D. J. Bolt, USDA.

The intra-assay

coefficient of variation (CV) was < 5% for both the LH and
FSH assays.

Interassay coefficient of variation for the LH

assay was < 7% and < 9% for the FSH assays.

Assay

sensitivity was .31 ng/ml and .25ng/ml for the LH and FSH
assays, respectively.

The concentration of serum prolactin (PRL) was measured

according to a modified double-antibody assay method
developed by Bolt and Rollins (1983).

The PRL antibody (DJB

7-0330) was also supplied by D.J. Bolt.
the assay was .25 ng/ml.

The sensitivity of

Intra- and interassay CV was < 5%

and < 11%, respectively.
The serum samples (200nl/hormone) were extracted with

1.5 ml benzene prior to steroid analysis by RIA.

Progesterone, a^A, and testosterone were measured using a
modified version of an RIA procedure developed by Jackson

and associates (1989). The intra-assay CV for P^, a^A, and
testosterone was < 5% and the interassay CV was < 10%.

Dr.

Ali Surve (Sandoz Research Institute, Hanover, New Jersey)

provided the P^ antibody (#337-Ali Surve).
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Antibody to

androstenedione (X-322 Rao) was obtained from Dr. Pemmaraju
Rao (Southwest Foundation for Biomedical Research, San

Antonio, TX.) and the testosterone antibody (Nis) was

supplied by Dr. G. D. Niswender.

Assay sensitivity for

was 10 pg/ml and 2.5 pg/ml for both testosterone and a^A.
The concentration of 176-estradiol was quantified
according to a procedure described by Britt (1990).

The

intra- and interassay CV was < 6% and < 10%, respectively.

The assay sensitivity was .15 pg/ml and the Ej antibody
(Mason) was supplied by Dr. N. Mason, Lilly Research
Laboratories, Indianapolis, IN.

Statistical Analysis
The data were analyzed by analysis of covariance using
the GLM procedure of SAS (1985).

The effect of treatment

(E+ or E-) on the concentration of hormone (LH, FSH, PRL,

P4, A4A, E2 or testosterone) for each year was analyzed
separately.

The model used to test the effect of pasture

treatment on level of hormone included treatment, pasture

within treatment, and age and body weight as covariables.
The model used to test the effect of hay treatment on

hormone secretion included treatment with age and body

weight as covariables.

Treatment effects were tested using

non-orthogonal contrasts (SAS, 1985).
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Results

Prolactin

Pasture Effects (spring); Year 1 (Table 1):
The concentration of serum PRL was reduced, often

significantly, in the E+ ingesting heifer except during the
Slimmer grazing when the heifers were not exposed to the
endophyte.

In year 1 (Table 1), PRL levels were not

affected in 2- and 3-month-old E+ fescue ingesting heifer.
Prolactin levels were not determined in samples collected in
year 2 or year 3 two- or three-month-old heifers.

Table 1. Effect of E+ fescue on PRL^
concentration in the 2- and 3-month-old beef heifer*.
Age (days)

Yr

Exp.

E- (<1%)

n

E+ (>60%)

n

66

1

Basal

40±14

7

43±11

12

86

1

Basal

219±55

7

131±42

12

87

1

GnRH

94±16

7

80±12

12

^Concentrations are expressed as ng/ml.
Values are least squares means ± SE.

Pasture Effects (fall); Year 3 (Table 2):

Serum PRL concentrations were significantly reduced in
the fall of year 3 (Table 2).

Concentrations of PRL in

treated heifers were at least 85% less than controls at 230,
238, and 245 days of age (Pi.001) and at 237 days of age
(P<.02; Table 2).

Serum PRL levels did not differ between

control and E+ heifers during the weaning period (age=273355 days; data not shown).

Prolactin secretion by E+
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Table 2. Effect of E+ fescue on PRL^

level in eight-month-old beef heifers*.
Age (days)

Yr

Exp

E- (<1%)

n

E+ (>60%)

n

230

3

GnRH

117±6®

7

2215^^

15

237

3

E,

71±10°

7

11±9^

15

238

3

Basal

85±9^

7

26±7^

15

245

3

GnRH

111±7®

7

2±6^

15

^Concentrations are expressed as ng/ml.
Vglues are least squares means ± SE.

^'^eans in the same row with different superscripts
differ (Pi.001).

"Means in the same row with different superscripts

differ (P<.02).

heifers was equal to that of controls within one month of

being removed from the pastures at 273-days-old.

Hay Effects; Years 1 & 3 (Table 3):

PRL secretion was decreased in yearling heifers fed
100% infected hay (Table 3).

There was no difference in PRL

concentrations in the 355- or 363-day-old heifers fed E+ hay
(year 1).

However, in year 1, PRL levels in the E+ heifers

were reduced to less than half of the control values (P<.03)
in the 367-day-old heifer and in the 374-day-old heifer
(Table 3).

Sixteen days into the hay study in year 3, PRL
concentrations in the 371-day-old E- heifers were

significantly greater (P<.01; Table 3) than those of the E+
heifers.

Prolactin continued to be reduced in the E+

heifers throughout the remainder of the hay study; however,
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Table 3. PRL^ level in the yearling heifer
following the consimption of E+ fescue hay*.
Age (days)

Yr

Exp

E-

n

E+

n

355

1

GnRH

66±14

9

38±12

10

363

1

Basal

22±10

9

33±9

10

367

1

E,

43±9®

9

12±8^

10

374

1

Basal

73±14®

9

23±12^

10

371

3

GnRH

131±12^

11

79±12b

11

372

3

Basal

83±13^

11

29113^^

11

377

3

Basal

97±12^

11

22±12^

11

379

3

Basal

48±14

11

50±14

11

380

3

E,

69±11

11

40±11

11

383

3

Basal

40±11

11

32±11

11

^Concentrations are expressed as ng/ml.

Vglues are least squares means ± SE.
®'^eans in the same row with different superscripts

differ (P<.03).
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the magnitude of the differences between treatments were

diminished at successive bleedings.

By the completion of

the year 3 study, PRL levels were not different between the
E- and E+ groups.

Luteinizing Hormone

Pasture Effects (spring); Years 1 & 3 (Table 4 & 5):
Basal serum levels of LH in year 1 were not different

between 2-month-old heifers grazing E+ or E- fescue
(Table 4). However, the covariables age and body weight were

significant (P<.03).

Also in year 1, basal serum levels of LH in the 86-dayold (Table 4), 87-day-old heifer (Table 5; Time=0) and 105day-old (year 3; Table 5) did not differ between treatment
groups.

In year 1, the LH response to GnRH-stimulation in the
87-day-old control heifer did not differ from that of the E+
heifer at both 2.5 and 4 hours nor was there a difference

between treatment groups in year 3 heifers 105-days-old
(Table 5).

Pasture Effects (summer); Year 2:

Basal levels of LH in the E- group (.681.05 ng/ml) did

not differ from that of the E+ group (.741.04 ng/ml) in
August of year 2.

GnRH-stimulated secretion of LH (data not

shown) was also not different between the E- and E+
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Table 4. Effect of endophyte-infected fescue on basal

LH^ concentrations in 2- and 3-inonth-old beef heifers ,
Age (days)

Yr

n

E- (il%)

n

E+ (i60%)

66

1

7

.34±.05

12

.45±.04

86

1

7

.48±.05

12

.42±.05

^Concentrations are expressed as ng/ml.
Values are least squares means ± SE.

in the 3-month-o:Ld beejf

heifer consuming E+ fescue*.

Age (days)

Yr

Time

E- (il%)

E+ (i60%)

87

1

0

.38±.03

.39±.03

2.5

27.6±3.4

28.8±3.0

4

19.2±4.4

24.713.9

0

.54±.04

.551.03

.5

22.2±2.5

18.812.0

1.5

30.5±3.4

25.112.7

105

3

^Concentrations are expressed as ng/ml.
Values are least squares means ± SE.
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treatment groups (15.2±3.7 vs 26.8±2.7 ng/ml, respectively).

Pasture Effects (fall); Years 2 & 3 (Tables 6, 7 & 8);
Basal secretion of LH in 7-8 month old heifers did not

differ between treatment groups in years 2 (Time=0; Table 7)
and 3 (Table 6 and 7); however the response to GnRH-

stimulation was variable.

As seen in August of year 2

(described above), GnRH-stimulation of LH at 1 hour postinjection in E- heifers was less (P=.06) than that of the E+
group (year 2; Table 7).

In year 3, the LH response to GnRH

at 1 hour was not different between 230- and 245-day-old Eand E+ heifer groups (Table 7).

However, the LH response at

2.5 hours was significantly reduced in the 245-day-old E+
heifers (Pi.001; Table 7).

In year 3, Ej-stimulated LH secretion in 237-day-old
heifers was not different between the E- and E+ heifer at

14, 16 and 18 hours (Table 8).

Throughout the weaning period (November to February) in
year 3 heifers, there was no difference in basal or GnRH-

stimulated secretion of LH (data not shown).

The difference

in the LH response to an exogenous dose of 17B-estradiol not
significant.

Hay Effects; Years 1, 2 and 3 (Tables 9, 10 & 11);

In year 1, basal LH secretion by the 363-day-old
control heifers was not different from that of the E+
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Table 6. Effect of endophyte-infected fescue

on basal LH^ concentrations in the prepubertal heifer*
Age (days)

Yr

E-(S1%)

n

E+(i60%)

n

236

3

.56±.16

7

.75±.13

15

238

3

.71±.03

7

.75±.03

15

^Concentrations are expressed as ng/ml.
Values are least squares means ± SE.

Table 7. LH^ release in response to GnRH-stimulation
in the prepubertal heifer consuming E+ fescue''^
Age (days)

Yr

Time

E-(il%)

n

E+(i60%)

n

219

2

0

.62±.04

6

.651.03

15

1

5.7±2.2

6

11.611.6

15

2

20.8±7.0

6

21.915.0

15

0

.61±.03

7

.631.03

15

1

10.911.8

7

10.311.5

15

2.5

38.414.69

7

27.813.8

15

0

.681.05

7

.751.04

15

1

20.012.6

7

14.012.1

15

2.5

28.012.3^

7

15.011.8^

15

230

245

3

3

^Concentrations are expressed as ng/ml.
Values are least squares means ± SE.

^'^eans in the same row with different superscripts differ
(Ps.OOl).
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Table 8. LH^ release in response to E^-stimulation
in the prepubertal heifer consuming E+ fescue*.

Age (days)

Yr

Time

E-(il%)

n

E+(i60%)

n

237

3

14

7.913.9

7

8.913.2

15

16

1.811.2

7

3.611.0

15

18

1.611.3

7

3.211.1

15

^Concentrations are expressed as ng/ml.
Values are least sguares means ± SE.

Table 9. Effect of endophyte-infected fescue hay

on level of basal LH^ in the yearling heifer*.

Age (days)

Yr

E-(0%)

n

E+(100%)

n

363

1

.51.1

9

.61.1

10

374

1

.41.1^

9

.31.0^

10

372

3

.71.1

11

.91.1

11

377

3

1.01.2

11

.91.2

11

379

3

.91.4

11

1.71.4

11

383

3

1.01.1

11

.91.1

11

■••Concentrations are expressed as ng/ml.
Values are least squares means ± SE.

^'^eans in the same row with different superscripts

differ (Ps.02).
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Table 10. LH^ release in response to GnRH-stimulation
in the yearling heifer consuming E+ fescue hay*.

Age (days)

Yr

Time

E-(0%)

n

E+(100%)

n

355

1

0

.5±.l

9

.41.1

10

1

9.9±1.8

9

10.111.7

10

3

24.015.5

9

25.415.64

10

0

.471.08^

11

.751.08^

10

1.5

13.913.5

11

15.113.7

10

3

13.713.1

11

17.414.1

10

0

.81.1

11

.71.1

11

1.5

47.118.2

11

32.316.5

11

6

5.611.0^

11

2.21.8^

11

390

371

2

3

^Concentrations are expressed as ng/ml.
Vglues are least squares means ± SE.

^'^eans in the same row with different superscripts
differ (Pi.03).
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Table 11. LH^ release in response to

E,-stimulation

in the yearling heifer consuming E+ rescue hay*.

Age (days)

Yr

Time

E-(0%)

n

E+(100%)

n

367

1

15

10.9±3.3

9

6.513.1

10

18

4.4±1.2

9

3.911.2

10

22

1.7±.5

9

1.91.4

10

24

.9±.l

9

.91.1

10

15

14.4±2.8^

11

7.412.9^

10

18

2.8±1.9

11

6.012.0

10

22

1.31.2

11

1.41.3

10

24

1.01.1

11

.91.1

10

14

9.012.5

11

4.912.5

11

16

8.812.1

11

3.816.2

11

18

4.61.7^

11

2.611.8^

11

396

380

2

3

Vglues are least squares means ± SE.

®'^eans in the same row with different superscripts

differ (Ps.05).

70

heifers (Table 9); however, LH levels were significantly
reduced in 374-day-old heifers fed E+ fescue hay (Ps.02;
Table 9).

In year 2, LH levels of control 390-day-old

heifers was significantly less (Pi.03) than that in heifers

fed E+ infected hay (Table 10).

Basal LH levels in yearling

heifers were not affected by the consumption of endophyteinfected hay in year 3 (Table 9).
In year 1, there was no difference in the LH response

to GnRH-stimulation in the yearling heifer having been on Eor E+ hay for four days (Table 10).

In year 2, after having

been on the hay for 24 days, concentration of LH in 390-day-

old heifers at 1.5 and 3 hours post-injection (Table 10) was
not different between treatment groups.

In contrast, year 3

heifers fed E- hay secreted more LH in response to GnRH than
heifers fed E+ hay 6 hours (Pi.02; Table 10).
In general, the secretion of LH following 176-estradiol

stimulation did not differ between treatment groups; however
there was a tendency for LH levels in E- yearling heifers to

be greater at 14-15 hours compared to E+ heifers.

In year

2, the concentration of LH in the control group was greatest
at 15 hours (Pi.05) and the level of LH diminished
thereafter until basal concentrations were reached at 24

hours in both treatment groups (Table 11).

In year 3, LH

concentrations in the heifers peaked at 14 hours, remained

high at 16 hours and decreased by 18 hours (Table 11).

The

concentration of LH in the E+ heifers was about half that of
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controls at 14, 16 (P>.10) and 18 hours (Pi.05; Table 11).

Follicle Stimulating Hormone
Pasture Effects (spring); Years 1 & 3 (Table 12 & 13):
Basal serum concentrations of FSH in year 1 were not
statistically different between 2- and 3-month-old heifers

grazing E+ or E- fescue (Table 12).

The secretion of FSH

(Table 12 and Table 13) in the 3-month-old heifer was

similar to that of LH in year 1.

In year 3, baseline levels

of FSH were greater (P^.oe) in the control 105-day-old

heifers than in the treated heifers (Table 13; Tiine=0).
In year 1, 87-day-old E+ heifers secreted more FSH

(P<.05) than control heifers at 2.5 and 4 hours following
GnRH (Table 13).

In year 3, however, FSH release in

response to GnRH-stimulation in E+ heifers was not different

from controls (Table 13).

Pasture Effects (summer); Year 2:

Basal FSH secretion in the E- group (1.53±.28 ng/ml)

was not different than that of the E+ group (1.69±.20 ng/ml)
in August of year 2 (data not shown) nor was there a
difference in GnRH-stimulated secretion of FSH in the E- or

E+ heifers (5.89±1.08 vs 6.73±.78 ng/ml, respectively).

72

Table 12. Effect of endophyte-infected fescue on basal

FSH^ concentrations in the 2- and 3-month-old beef heifer*.
Age (days)

Yr

n

E- (il%)

n

E+ (k60%)

66

1

7

.72±.14

12

.93±.12

86

1

7

.95±.10

12

.87±.09

^Concentrations are expressed as ng/ml.
Values are least squares means ± SE.

Table 13. FSH^ release in response to GnRH-stimulation in
3-month-old beef heifers consuming E+ fescue*.

Age (days)

Yr

Time

E- (il%)

E+ (^60%)

87

1

0

.891.07

1.071.06

2.5

1.251.08^

1.541.07^

4

1.251.11^

1.661.10^

0

2.031.16

1.601.13

.5

4.021.60

2.591.47

1.5

4.491.76

3.541.59

105

3

^Concentrations are expressed as ng/ml.
Values are least squares means ± SE.

®'^eans in the same row with different superscripts

differ (P<.05).
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Pasture Effects (fall); Years 2 & 3 (Tables 14, 15 & 16);
Basal secretion of FSH in the 7-8 month old control

heifers was not statistically different than that of the E+
heifers in years 2 and 3 (Table 14 and Table 15); however,
there was a tendency for the levels of FSH to be lower in
the control group.

The FSH response to GnRH at 2 hours post-injection in

E+ heifers was non-significantly less than that of the
control group (year 2) and the E+ heifers produced less FSH
at 6 hours (Pi.001; Table 15).

In year 3, FSH release in

response to GnRH-stimulation by 230- and 245-day-old control
heifers was not different between groups (Table 15).

In

addition, there was no difference in FSH response to Ejstimulation in 237-day-old heifers (Table 16).
Throughout the year 3 weaning period, basal levels of
FSH in the control heifers were consistently, and often

significantly, less than that of E+ heifers (data not
shown).

There was no difference in FSH response to GnRH-

and E2-stimulation between treatment groups.

Hay Effects; Years 1, 2 and 3 (Tables 17, 18 & 19):

In general, basal FSH secretion was not affected by the

consumption of endophyte-infected fescue hay in years 1, 2,
or 3 (Table 17 and Table 18).

There was no difference in the FSH response to GnRH-

stimulation in the yearling heifer fed E+ hay (Table 18);
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Table 14. Effect of endophyte-infected fescue

on basal FSH^ concentrations in the prepubertal heifer*,
Age (days)

Yr

E-(il%)

n

E+(i60%)

n

236

3

1.59±.15

7

1.831.12

15

238

3

1.161.11

7

1.261.09

15

^Concentrations are expressed as ng/ml.
Values are least squares means ± SE.

Table 15. FSH^ release in response to GnRH-stimulation
Age (days)

Yr

Time

E-(sl%)

n

E+(i60%)

n

219

2

0

1.601.39

6

2.151.28

15

1

4.6611.06

6

4.941.77

15

2

15.3713.16

6

8.0412.27

15

6

6.391.52^

6

3.101.38^

15

0

1.101.15

7

1.261.12

15

1

2.551.65

7

3.371.52

15

2.5

9.5311.40

7

8.8111.12

15

0

1.281.16

7

1.701.13

15

1

1.711.30

7

1.931.24

15

2.5

2.311.44

7

2.021.35

15

230

245

3

3

^^Concentrations are expressed as ng/ml.
Vglues are least squares means ± SE.

^'^eans in the same row with different superscripts differ
(P<.001).
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Table 16. FSH^ release in response to ^-stimulation
in the prepubertal heifer consuming E+ fescue*.

Age (days)

Yr

Time

E-(il%)

n

E+(i60%)

n

237

3

14

3.26±1.78

7

4.54±1.43

15

16

1.45±1.05

7

2.82±.84

15

18

1.28±.38

7

1.91±.30

15

^Concentrations are expressed as ng/ml.
Values are least squares means ± SE.

Table 17. Effect of endophyte-infected fescue hay

on level of basal FSH^ in the yearling heifer*.

Age (days)

Yr

E-(0%)

n

E+(100%)

n

372

3

2.02±.23

11

2.03±.19

11

377

3

2.03±.23

11

2.03±.19

11

383

3

2.00±.28

11

2.50±.23

11

^Concentrations are expressed as ng/ml.
Values are least squares means ± SE.
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Table 18. FSH^ release in response to GnRH-stimulation
in the yearling heifer consvuaing E+ fescue hay*.
Age (days)

Yr

Time

E-(0%)

n

E+(100%)

n

355

1

0

.58±.07

9

.761.06

10

1

.95±.ll

9

1.191.10

10

3

1.82±.37

9

2.451.35

10

0

1.751.20

11

1.551.20

10

1.5

3.271.67

11

4.181.70

10

3

4.4812.04

11

8.5212.16

10

1.5

10.1712.16

11

6.8711.72

11

6

3.141.59

11

2.641.47

11

390

371

2

3

^Concentrations are expressed as ng/ml.
Values are least squares means ± SE.

Table 19. FSH^ release in response to Ej-stimulation
fescue hay .

Age (days)

Yr

Time

E-(0%)

n

E+(100%)

n

367

1

15

1.091.22

9

.901.21

10

18

.991.11

9

.881.11

10

22

.571.08

9

.561.07

10

24

.421.06

9

.501.06

10

15

4.701.67^

11

2.231.70^

10

18

2.031.48

11

2.941.51

10

22

1.701.10

11

1.731.11

10

24

1.631.09

11

1.681.09

10

14

2.8911.26

11

3.1611.00

11

16

4.6411.18

11

2.621.94

11

18

2.551.42

11

1.841.34

11

396

380

2

3

^Concentrations are expressed as ng/m

Values are least squares means ± SE.

®'^eans in the same row with different superscripts

differ (P<.03).
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however, year 1 and year 2 control heifers tended to have

lower FSH levels than E+ heifers (P>.10).

In year 3,

however, there was a tendency for heifers fed E- hay to
secrete more FSH in response to GnRH than heifers fed E+ hay
at 1.5 and 6 hours (P>.10; Table 18).

In years 1 and 3 FSH secretion following Ej-stimulation
did not differ between treatment groups (Table 19).

In year

2, however, FSH levels in the E- heifers were greater

(P<.03) than E+ heifer values at 14 hours after Ej
stimulation.

Ovsurian Steroids:

Pasture Effects (spring); Table 20:

Basal secretion of a^A, T, and P^ did not differ
between treatment groups in the 3-month-old heifer in year 3

(Table 20).

However, the a^A response at 1.5 hours to GnRH-

stimulation was significantly greater (P<.05) in the 104day-old heifer (year 3; Table 20).

There was no difference

in T secretion by 3-month-old E- or E+ heifers in response
to GnRH-stimulation in year 3.

Pasture Effects (fall); Year 3 (Table 21 & 22):

Basal levels of a^A were not different between
treatment groups in 230-day-old heifers (Table 21).Basal

levels of androstenedione in the 236- and 245-day-old
control heifers were greater (P<.05) than that of the E+
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Table 20. Ovarian hormone response^ to GNRH-stimulation
in the 3-month-old heifer consuming E+ fescue in year 3*.
Age (days)

Hormone

Time

E-

n

E+

n

104

a^A

0

48±7

7

4615

12

96±7®

7

7815^^

12

0

32±4

7

2413

12

1.5

37±5

7

611

12

0

240130

7

220120

12

104

T

105

P4

DI
^Concentrations are expressed
as pg/ml.
•

H
Vglues are least squares
means ± SE.

®'*^eans in the same row with different superscripts

differ (P<.05).

Table 21. Basal

testosterone^ levels

Age (days)

Hormone

Yr

E-

n

E+

n

236

a^A

3

9118®

7

6516^^

15

236

Px

3

11401170

7

8101140

15

236

T

3

1412

7

1211

15

^Concentrations expressed as pg/ml.

Values are least squares means ± SE.

^'^eans in the same row with different superscripts
differ (P<.03)
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Table 22. Ovarian hormone response^ to GnKH-stimulation
4.1

Age (days)

4.--1 1

Hormone

230

245

245

f._J

Time

2.5

E+1
o
59±11
00
93±14

0

=2

E+

n

7

69±9

15

7

55±11

15

89±6^

7

69±5^

15

1

99±7

7

89±6

15

2.5

100±7^

7

79±6^

15

0

4.5±.7

7

3.0±.5

15

1

6.2±.4°

7

3.8±.3^

15

7

7.4±.6

15

•

2.5
245

T

•

n

•

0

a^A

^

0

16±2

7

14±2

15

2.5

42±4*

7

2113^

15

^Concentrations are expressed as pg/ml.

Vglues are least squares means ± SE.
^'^eans in the same row with different superscripts

differ (P<.05).
*^'°Means in the same row with different superscripts
differ (P<.00l).
^'^Means in the same row with different superscripts
differ (P<.002).
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heifers (Table 21 and Table 22, respectively).
Blood samples were collected from 236-day-old heifers
six days after GnRH was administered to determine if

ovulation had occurred (P^il.O ng/ml). Six of the seven Eheifers had

levels greater than 1.0 ng/ml whereas only

five of the fifteen E+ heifers had values as high.

However,

the mean concentration of P^ in the E+ heifers was not
significantly different than that of the control heifers
(year 3; Table 21).
The concentration of GnRH-stimulated

in the 230-

day-old control heifer did not differ than that of E+

heifers at 2.5 hours (Table 22). The concentration of a^A
was greater in the 245-day-old control heifers at 2.5 hours

(P<.05).

Likewise, Ej secretion was reduced in the E+

heifers at both 1 (P<.001) and 2.5 hours (P>.10) and T was

significantly reduced (P<.002) at 2.5 hours (Table 22) in
the 245-day-old heifer.

Hay Effect; Year 3 (Tables 23 & 24);

Basal levels of A4A (P<.04) in 371-day-old E- heifers
were greater than that of the E+ group after 16 days on the

hay diet (Table 23). Basal secretion of A4A (P<.05), Ej,
and T (P<.005) by the E+ heifers was, however, greater than
that of the E- heifers one week later (Table 24).

In 371-day-old heifers, there was no difference in A4A,
Ej, or T levels following GnRH-stimulation at 1.5 and 6
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Table 23. Ovarian hormone response^ to GnRH-stimulation
Age (days)

Hormone

Time

E-

n

E+

n

0

60±10^

11

31±8^

11

1.5

103±10

11

92±8

11

6

57±9

11

46±7

11

1.5

5.3±1.2

11

3.71.95

11

6

7±1.7

11

5.61.90

11

0

19±4

11

1513

11

6

28±4

11

3313

11

371

371

371

^2
T

^Concentrations are expressed as pg/ml.
Vglues are least squares means ± SE.

®'^eans in the same row with different superscripts

differ (P<.04).

Table 24. Basal levels^ of ovarian hormones in the
!

.•

-n.

^

1

•

Age (days)

Hormone

E-

n

E+

n

379

a^A

4114^

11

5213^

11

379

E,

5.71.9

11

6.61.7

11

379

T

1713°

11

2812^^

11

^Concentrations expressed as pg/ml.

Values are least squares means ± SE.

^'^eans in the same row with different superscripts
differ (P<.05).

"Means in the same row with different superscripts

differ (P<.005).
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hours (Table 23); however, the concentrations of

androstenedione and estrogen tended to be lower in the E+

heifers.

Levels of androstenedione increased dramatically

by 1.5 hours after GnRH-stimulation and were back to

baseline levels at 6 hours in both treatment groups.
Testosterone levels were moderately higher than baseline
values at 6 hours (Table 23).

In year 3, 380-day-old heifers were given a dose of

176-estradiol twenty-five days after the hay diet was

initiated and progesterone levels were determined three days
later.

Seventy-one percent of the 383-day-old control group

had ovulated whereas only 36% of the E+ heifers had
levels greater than 1 ng/ml.

Discussion

The pattern of PRL secretion in this study supports
that of Karg and Schams (1974) with the highest levels of
PRL occurring in the spring.

Concentrations decreased in

the summer and the lowest levels occurred in the late fall

and winter.

In this study, like others, (Aldrich et al.,

1993; Thompson et al., 1987) there was a decrease in PRL

secretion associated with the consumption of E+ fescue.

This effect, however, was seen mainly during the spring,
early summer, fall, and when the heifers were eating fungusinfected hay (Tables 1, 2, and 3)
There was no difference in PRL levels in 2- and 3-
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month-old heifers but PRL levels in the 3-month-old heifers

tended to be lower.

This is likely a consequence of

alkaloid intake since a 3-month-old heifer will spend more
time grazing than a 2-month-old heifer.

In addition, PRL levels fluctuated widely between

collection days and treatment groups in the spring of year 1
(Table 1).

The drastic reduction in PRL concentrations seen

during successive days (86- and 87-day-old) in the E+ and E-

heifers was a probable consequence of the depletion of

pituitary stores that occurred on the former collection day.
Stress will induce the release of PRL in cattle (Karg and
Schams, 1974).

Therefore the stress associated with the

handling and bleeding of the heifers could account for the

high levels of PRL seen in the 86-day-old heifers and the
subsequent reduction of PRL on the following day.
There were no differences in PRL secretion between

treatment groups during the summer.

These results appear to

contradict those of Thompson et al. (1987).

They found that

basal and TRH-stimulated secretion of PRL was inhibited in

heifers grazing endophyte-infected pastures during the
summer.

Studies also indicate that PRL levels will increase

with high ambient temperatures (Wettemann and Tucker, 1974;
Smith et al., 1977); however. Hurley et al. (1981)
demonstrated that calves fed highly infected fescue will not

respond to an increase in ambient temperature with an

elevation in PRL secretion.

In this study, the apparent
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lack of a fescue effect could be attributed to the inferior

condition of the fescue pastures that occur throughout the
sxammer.

This would result in the consumption of plants

other than tall fescue and thus the PRL effect would be
diminished.

Prolactin secretion was significantly reduced in year 3
heifers grazing E+ fescue pastures in the fall.

Within one

month of being removed from the pastures, PRL levels in the
E+ heifers was comparable to that of the control heifers.

The ability of the pituitary to recuperate from the negative
effects of fescue has been demonstrated in other species.
After pregnant mares have been removed from E+ pastures, PRL
levels are restored to concentrations comparable or greater
than that of controls (McCann et al., 1992).

Prolactin levels were, in general, reduced in yearling
heifers fed E+ fescue hay in years 1 and 3 (Table 3).
However, PRL values varied with year.

In year 1, the

magnitude of the difference in PRL levels between the groups
increased over the course of the study.

In year 3, the

magnitude of the difference between the groups diminished
with time (Table 3).

Hay for this study was obtained from neighboring noninfested and 100% infested pastures; however, it has been
shown that the alkaloid generated by the fungal endophyte
fluctuates with season and pasture conditions (Lyons et al.,
1986).

Although the concentration and type of alkaloid have
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not been determined in these pastures or hay, a change in
alkaloid content or quantity within the hay could explain
the difference in PRL secretory pattern between years 1 and
3.

Several products of the fungal endophyte (clavine

alkaloids, ergopeptines, loline alkaloids, and lysergic acid
amides) are associated with fescue toxicity but their
specific effects on PRL secretion are varied (Strickland et
al., 1992).

It has been shown that loline alkaloids have no

effect on PRL secretion, «-ergocryptine inhibited secretion
of PRL, and ergonovine and perloline stimulated PRL

secretion (Strickland et al., 1992).

Therefore, the

variation in the PRL response between these two years could
be determined by the type or amount of alkaloid that is

predominant in the fescue hay.
There was no apparent fescue effect on PRL in year 1

363-day-old heifers or 379-day-old heifers of year 3.

The

reason for this lack of response is not known and the only
common factor is that in both years, the heifers had been

treated with GnRH 8 days prior to this collection time.
Although steroid concentrations were not determined in the

year 1 heifers, P^ analysis of serxom 6 days after GnRH
stimulation in year 3 heifers indicated that ovulation had

occurred in many of the heifers and P^ concentrations were
high.

It is reasonable to suggest that elevated

concentrations of P^, associated with corpus luteum
function, may influence PRL secretion.
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In fact, infusion

with high doses of progesterone (or 176-estradiol)
suppresses PRL secretion in cattle and removal of the

steroid triggers the release of PRL (Karg and Schams, 1974).
The secretion of FSH (P<.05) at 2.5 and 4 hours

following GnRH stimulation by 87-day-old E+ heifers was
greater than controls in year 1 but LH and FSH secretion in
105-day-old E+ heifers was not different than controls at .5

and 1.5 hours after GnRH stimulation in year 3.

In year 2,

219-day-old heifers grazing E+ pastures secreted less FSH
(P<.001) at 6 hours than controls (Table 15).

In year 3,

eight month old heifers grazing E+ fescue released
significantly (P<.001) less LH at 2.5 hours after the GnRH

was administered.

The difference in gonadotrophin response

to GnRH-stimulation in the yearling heifers was not

significnat.

However, there was a tendency for the E+

heifers in years 1 and 2 to secrete more LH and FSH

following GnRH than controls.

In contrast, year 3 E+

heifers secreted less FSH (Table 18) and LH (Table 10) at
1.5 and 6 hours following GnRH than control heifers and the

difference in LH was significant at 6 hours (P<.03).

Thus

the year 3 heifers fed E+ fescue throughout the study

consistently produced less LH and FSH in response to GnRH
whereas the gonadotrophin response in year 1 and 2 heifers
fed E+ fescue was diametric.

Since the age at which the

GnRH challenges were conducted are comparable, the

difference in apparent fescue effects may be a function of
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the differences in the pasture content and amount of
alkaloid between the years.
There was no difference in basal LH and FSH secretion

over the three year period or GnRH-stimulated gonadotrophin
secretion between treatment groups in years 1 and 2.

These

results support the findings of others (Christopher et al.,

1990; Mizinga et al., 1991; Mizinga et al., 1992).
Christopher and associates (1990) found no difference in LH

secretion in ovariectomized heifers grazing infected (85%)
or non-infected pastures.

In addition, the ingestion of

endophyte-infected fescue seed (Mizinga et al., 1991;
Mizinga et al., 1992) had no effect on LH secretion in the
postpartum cow and in cyclic heifers and cows.

The effect

of endophyte-infected fescue on basal and GnRH-stimulated

FSH secretion has not been previously examined.
Even though statistically significant fescue effects on

gonadotrophin secretion were seen only occasionally in the

grazing heifer, LH and FSH values in E+ heifers were greater
than controls in 85% and 78% of all assays, respectively.
However, when the heifers were ingesting hay, there was no

difference in basal gonadotrophin concentrations in which
any one group had higher or lower gonadotrophin levels.

As

discussed above, the difference in type and content of

alkaloid produced by the endophyte in the pastures grazed by
the heifers versus the pastures that provided the hay could
modify the hormonal response.
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The basis for the frequent elevation in baseline
gonadotrophins may be a reflection of a decrease in

follicular development that has been shown to occur in
fescue-ingesting heifers (McKenzie, 1987; McKenzie and
Erickson, 1991).

Thus, diminished follicular steroid

secretion could lead to enhanced gonadotrophin secretion.
Failure of others (Christopher et al., 1990; Mizinga et
al., 1992) to see an increase in gonadotrophin secretion may

be due to the differences in the way the studies were
conducted.

Christopher and associates (1990) used

ovariectomized heifers thus removing the potential role of
the steroids.

Mizinga and associates (1991) reported that

there was no significant change in PRL levels by the cycling
heifers; therefore, the inabilty of the fescue seed diet to
inhibit PRL may indicate that the heifers had not received a
sufficient dose of the alkaloid.

Estrogen-stimulated secretion of LH and FSH in E+

heifers has not been previously evaluated.

In general,

there was no statistical differences in Ej-stimulated
gonadotrophin secretion between treatment groups.

However,

while grazing the pastures, 8-month-old E+ heifers secreted

more LH and FSH in response to E2 stimulation than control
heifers (Tables 8 and 16).

Five of the seven E- heifers

responded to Ej-stimulation with greater LH values at 14
hours.

Six of the E+ heifers had responded by 14 hours, two

at 16 hours and 1 heifer had peak LH levels at 18 hours.
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In

addition, LH values in the E+ group at 14 hours were greater
than controls.

These results indicate that control heifers

may have responded prior to the 14 hour collection time and

the LH released in response to Ej-stimulation may have been
greater.

The release of LH in response to E2-stimulation in the
yearling heifer did not differ with regard to treatment in
years 1 and 3; however the concentrations of LH in response

to Ej-stimulation were reduced in heifers fed E+ hay to less
than 60% of control values at 14-15 hours after the

injection of Ej (Table 11). These differences were
significant in year 2 heifers.

The difference in response

between the grazing and hay fed heifers is a likely
consequence of age, or the lack of a response, or the

difference in response time in many of the 8-month-old
heifers grazing the pastures.

Although FSH levels in the E+

heifers were higher at 8-months-old, FSH levels did not

differ between treatments in hay fed heifers.
The results indicate that estrogen-induced LH secretion

may be inhibited in E+ heifers.

If so, chronic exposure to

endophyte-infected fescue may interfere with the ability of
the hypothalamus and pituitary to produce an adequate LH

surge and an inadequate LH surge could result in either
anovulation or an inadequate corpus luteum.

This would

result in a reduction in conception which has been shown to

be a characteristic of fescue toxicity (Bacon et al., 1986).
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In this study (year 3), a reduction in ovulation rate
was associated with the consumption of E+ fescue (Table 21).
Eighty-five percent of the 8-month-old control heifers
responded to GnRH with an increase in

greater than 1.0

ng/ml whereas only 34% of the E+ heifers had values as high.

In the yearling heifer (year 3), progesterone levels were
evaluated four days after an injection of 176-estradiol and

71% of the control heifers had ovulated but only 36% of the
E+ heifers had done so.

Thus providing further evidence to

support the hypothesis that the LH surge and ultimately

ovulation may be adversely affected.

These results support

the findings of Estienne and associates (1990) in
prepubertal/pubertal E+ heifers and the inability of the

first corpus luteum to produce

at levels greater than 1.0

ng/ml and those findings by McCann et al. (1992) in which

serum P^ levels were significantly reduced in gravid mares.
In addition to progesterone, the secretion of the

steroids androstenedione, testosterone, and estrogen was
also reduced, in association with the consumption of E+
fescue (Tables 20 - 24).

Basal androstenedione levels by

heifers grazing E+ fescue pastures was reduced (P<.04) in

three out of four collection times and T and Ej levels was
inhibited in all cases.

GnRH-stimulated release of these

hormones was also reduced at all ages and times in E+

heifers.

This supports our earlier findings in which PMSG

(pregnant mare's serum gonadotrophin) -stimulated estrogen
91

secretion was inhibited (McKenzie, 1987).

An analysis of

the effects of E+ fescue on steroid secretion, other than

and E2, has not been reported.

Ser\iin concentrations of a^A, Ej and T were reduced in
the 371-day-old heifer fed E+ hay for sixteen days; however,
eight days later, concentrations of all three steroids were

greater in the E+ group and the secretion of a^A and T was
significantly greater than controls.

As mentioned above,

PRL levels were significantly reduced (Table 3; P<.03) in
the 371-day-old heifer but the difference was not apparent
at 379 days of age.

This was attributed to the high

concentrations of P^ being produced by the corpus luteum and
its negative effect on PRL secretion.

Since more of the

371-day-old control heifers had ovulated in response to

GnRH, the resulting corpus luteum is engaged in secreting

P4, not androgens or estrogens.

This could account for the

apparent stimulatory effect of fescue on the ovaries of the
E+ heifers.

A reduction in conception rates is one of the major
reproductive problems that plague cattle producers that feed

endophyte-infected fescue.

The results of this study

suggest that basal gonadotrophin secretion may be slightly
elevated in the E+ fescue fed heifer and GnRH-stimulated LH

secretion was apparently affected by the consumption of E+
fescue in year 3.

Although the difference was not

significant, LH release in response to Ej-stimulation at 1492

15 hours was lower in heifers fed E+ fescue.

If, in the E+

heifer, the hypothalamus and pituitary are less capable of
responding to estrogen stimulation, ovulation may not occur.
The reduction in nvimber of heifers ovulating in response to

GnRH and Ej support this hypothesis.

In addition, the

consistent, albeit non-significant, increase in basal LH and

FSH indicates that follicular development is compromised.
The results described in Chapter III and earlier studies

(McKenzie, 1987; McKenzie and Erickson, 1991) indicate that
number of vesicular follicles is indeed reduced in the E+
fed heifer.
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CHAPTER V

EFFECT OF ERGOTAMINE ON STEROID SECRETION
BY BOVINE GRANULOSAL AND THECAL CELLS IN CULTURE

Introduction

Reproductive problems are associated with the ingestion
of tall fescue infected with the fungal endophyte AcremoniuTn

coenoohialum.

Characteristics of fescue toxicity include a

delay in puberty, a reduced rate of conception (Bacon et
al., 1986) and an increased rate of abortion, especially in
mares (Garrett et al., 1980).

Furthermore, the ergot

alkaloids produced by the endophyte may have direct and

indirect effects on the ovary.

In heifers fed endophyte-

infected (E+) fescue, Estienne and associates (1990)
observed a significant reduction in the level of

progesterone (P^) produced by the first corpus luteum (CL)
associated with puberty.

However, microscopic examination

of the corpus luteum (CL) of synchronized heifers revealed a

greater number of lipid droplets, mitochondria, and
secretory granules in heifers fed fungal E+ (>85%) fescue

and plasma

levels did not differ (Ahmed et al., 1990).

Plasma progesterone levels were, however, significantly

reduced in pregnant mares grazing E+ fescue (McCann et al.,
1992).

In addition, plasma levels of 17B-estradiol were

significantly reduced in pubertal heifers grazing E+ fescue
following stimulation with Pregnant mare's serum

gonadotrophin (McKenzie and Erickson, 1989).
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Evidence

indicates that blood flow to peripheral and internal organs
is restricted in cattle ingesting infected-fescue (Rhodes et
al., 1991; Oliver et al., 1990) thus providing a potential
mechanism for the adverse effects of ergot alkaloid on the
ovary.

However, a possible direct effect of the toxins

produced by E+ fescue on ovarian follicular development and

steroid secretion has not been examined.

Therefore, a study

was designed to determine the effects of ergot alkaloids on
steroid secretion by granulosal and thecal cells in culture.

Materials and Methods
General Procedures

Cycling Hereford and Angus cows (n=4) were treated with
2,000 lU of Pregnant Mare's Seriim Gonadotrophin (PMSG) and

were then given a 25 mg dose of Prostaglahdin F2a (PGF2«i;
Lutalyse, Upjohn,) 48 hours later.

Cows were observed for

estrus and bred by artificial insemination 12 hours after
estrus was detected.

Two cows per day were taken to

slaughter 18-26 days after breeding, reproductive tracts
were removed, and ovaries were immediately placed in Hank's

balanced salt solution (HBSS; Gibco, Grand Island, New York)
until the granulosal and thecal cells could be collected

from the follicles.

Samples were collected a week apart.

One of the four cows used for this study was not pregnant.

Since the large follicles (ilO mm) from the first two cows
had already undergone partial luteinization, the cells for
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steroid analysis of large follicles were procured at the
second collection time thus reducing the number of cows to
two.

There were four replicates/treatment for each cow.

Cell Culture

Follicles and follicular cells were handled in a manner

similar to that described by Skinner and Coffey (1988).

Follicles were isolated, placed in Ham's F-12 (Fisher) and
separated into groups based on follicle size (small:2-9mm;
large: ilOmm).

All cells were collected under sterile

conditions in a petri dish containing media with the

antibiotics penicillin and streptomycin (lOOIU; Gibco).
Granulosal and thecal cells from each cow were cultured

separately.

All cell plates were maintained at 37°C in a 5%

CO2 atmosphere throughout the study.
To isolate the granulosal cells, follicular fluid was
aspirated and follicles were cut in half and each half was

scraped with a sterile plastic loop (Fisher).

The

granulosal cells were centrifuged (50 x g) for 5 minutes and

cells were plated at a concentration of 1.5x10^/2.0 cm^ in

Ham's F-12 media containing 10~^M androstenedione (a^A), 1
jig/ml insulin, 0.1% BSA, and 10% fetal bovine serum (FBS).
The thecal layers were torn from the interior

follicular wall using sterile forceps with microteeth under
a dissecting microscope and placed in fresh media.

The

theca externa was separated from the theca interna and
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discarded.

The theca interna was digested with 1 mg/ml each

of collagenase, hyaluronidase and pronase and 10 (ig/ml of

DNase for 1 hour in a 37"C shaking water bath.

All

digestion reagents were purchased from the Sigma Chemical Co
(St. Louis, MO.).

After the digestion process, the cell

suspension was centrifuged (50 x g) for 5 minutes,
resuspended in Ham's F-12 media described above (minus the

androstenedione) and cells were plated at 2.0x10^/9.5 cm^
for both follicle sizes.

The fungal endophyte, A. coenophialum. is known to

produce several ergopeptine alkaloids including ergovaline,

ergosine and ergotamine (Yates and Powell, 1988).

Although

ergovaline is considered to be the most toxic and abundant

ergopeptide (57-73% of the ergopeptides) produced by the
fungal endophyte of fescue (Bacon et al., 1986), all of

these ergopeptides are potent vasoconstrictors (Solomons et
al., 1989; Rhodes et al., 1991).

Since purified ergovaline

was not available, ergotamine was used in its stead.

Treatment consisted of the media alone (control) or

media containing 10~®M or 10~®M ergotamine (ergotamine
tartrate, Sigma).

Treatments were added at the same time

the cell cultures were established.

Media from granulosal

cell cultures was removed and replaced at 24, 48 and 72

hours and stored at -20''C until assayed for progesterone

(P4) and 17B-estradiol (E2).

Cows were split into two

groups based on when the ovaries were obtained.
100

Group A

includes cells from the first day that ovaries were
collected and Group B is from the second collection period
one week later.

Media was collected from Group A thecal

cell cultures of small follicles at 48, 72, 120 and 168
hours and at 48, 96 and 144 hours from both large and small

follicle cultures from Group B cows (n=2).

media was stored at -20®C until assayed for

Thecal cell

and a^A

(androstenedione).

DNA assay

DNA was determined fluorometrically using a modified
version of the fluorochrome Hoechst 33258 procedure
described by Stout and Becker (1982).
(Sigma) was used as the standard.

Calf thymus DNA

The minimal detectable

quantity of DNA was .125ng DNA and the reference curve was
linear through 4tJig of DNA.

At the end of the culture

period, the media was removed and stored and the cells were

washed with HBSS.

A lysis buffer (SDS/Cholic acid) was

added to each well prior to freezing and the plates were
stored at -20°C.

At the time of the DNA assay, plates were

thawed and DNA-PBS buffer (2M NaCl, 1.6mM EDTA, and PBS, pH

7.4) was added to the wells.

Dilute Hoechst dye (final

concentration of .25iig/ml) was added to the DNA/SDScholate/DNA-PBS buffer suspension and the mixture was

allowed to incubate for at least 1 hour at room temperature.
Fluorescent emission at 460nm was monitored at 365nm
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excitation.

Radioimmiinoassay procediires

Progesterone and androstenedione (a^A) were measured
using a modified version of an RIA procedure developed by
Jackson and associates (1989).

The intra- and interassay

coefficient of variation (CV) for

and A4A was ilO%. The

P4 antibody (#337-Ali Surve) was provided by Dr. Ali Surve
(Sandoz Research Institute, Hanover, New Jersey).

Antibody

to androstenedione (X-322 Rao) was purchased from Dr.

Pemmaraju Rao (Southwest Foundation for Biomedical Research,

San Antonio, Texas). The assay sensitivity for P4 was 10 pg
and 2.5 pg for the a^A.

Estrogen (ITB-estradiol/Ej) was

determined by a modification of a method described by Dr. J.
Britt (1990).

The intra- and interassay CV was <£lO%.

The

assay standard curve ranged from .15 pg/ml to 10 pg/ml.

The

Ej antibody (Mason) was provided by Dr. N. Mason (Lilly
Research Laboratories, Indianapolis, Indiana).

Statistical Analysis
Cells were assigned to treatments in a randomized block

design.

Steroid data was normalized per jig DNA and the data

were expressed as least squared means ± SE.

Data were

analyzed by the general linear mixed models method of Bluoin

and Saxton (1990).

Analysis of variance considered

treatment as the fixed factor and cows as the random factor.
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Differences between treatments were tested by orthogonal
contrasts.

Results

Thecal cells

There was no indication of an adverse effect of

ergotamine on cell growth; however, this criterion was not

specifically measured.

Visual inspection of the thecal cell

cultures indicated that cells within each treatment group
had reached confluence.

Progesterone secretion by cells of the large follicle

was stimulated by a 10~®M dose of ergotamine (Figure 1).
Specifically, progesterone levels in media of untreated
cells of large follicles were significantly lower

(35%;P<.002) than the 10~% group at 48 hours. There was no
difference in P^ levels at 96 and 144 hours, however,

progesterone levels in the lO'^M group were 60% and 67%,
respectively (Figure 1). In contrast, P^ production by
cells treated with the 10"®M dose of ergotamine was 10% less
than controls at 48 hours and 22% less at 96 hours (P>.10).

At 144 hours, there was no difference in P^ secretion

between untreated and the 10~®M treated cells (Figure 1).
The P^ response of thecal cells from small follicles to

a 10~®M dose of ergotamine was equivocal (Figure 2).
Progesterone levels in the 10"®M treated cells of small
follicles had was not different from untreated or cells
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treated with 10~®M ergotamine at 48, 72 or 120 hours (Group
A).

However, untreated cells (Group A) secreted more

than 10~®M treated cells at 168 hours (P<.03; Figure 2).
Progesterone production by cells of small follicles treated

with 10~®M ergotamine were not different from controls at
any time (Group A).

The pattern of P^ secretion by the cells of the small
follicles in Group B was similar to that of the large
follicles at 48, 96, and 144 hours.

Progesterone production

by cells treated with 10~®M ergotamine was greater than
controls at 48 (P<.002), 96 and 144 hours (P>.10; Figure 2).

The P^ response in cells treated with 10~®M ergotamine was
comparable to that of the large follicle (Figure 2).
Progesterone levels in media of cells from large

follicles varied with time.

Cells treated with 10""®M

ergotamine secreted more (Pi.03) P^ at 48 hours than at 96
hours. However, there was no difference in P^ secretion

within the untreated or 10~®M treated groups from the large
follicles between 48 and 96 hours. Secretion of P^ at 144
hours was significantly greater than that of 48 hours within
each of the treatment groups (Pi.03).

In Group A, P^ secretion by untreated cells of the
small follicle at 48 hours was significantly less than that
of untreated cells at 72, 120, and 168 hours (P<.02).
Progesterone secretion by cells treated with either dose of

ergotamine did not differ statistically over time.
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In Group

B, the pattern of

secretion over time paralleled that of

the large follicle. Cells treated with 10"®M ergotamine
secreted less (Pi.01) progesterone at 96 hours than at 48

hours. There was no difference in the level of P^ between
48 and 96 hours within each of the untreated or 10~®M
treated groups (P>.10).

Progesterone levels at 144 hours

were significantly greater than those at 48 hours for all
treatment groups (P<.002).

There was no difference in P^ levels between Group A
and Group B at 48 hours.

However, P^ secretion by Group B

thecal cells at 144 hours was significantly greater than
that produced by Group A cells at 120 and 168 hours (P<.04).

The pattern of a^A secretion between treatments
resembled that of P^ secretion by cells of the large
follicle (Figure 3).

There was no significant effect of

treatment on androstenedione levels at 48, 96, or 144 hours;

however, untreated cells from large follicles had lower a^A
levels compared to the ergotamine treated groups at all

times (P>.10; Figure 3).

In addition, the magnitude of the

difference in a^A levels between control and the 10~®M group
diminished over time (Figure 3). At 48 hours, a^A levels in

the 10"®M group were 47% higher than controls (P>.10). That
difference was reduced to 30% at 96 hours and 26% at 144

hours (P>.10; Figure 3).

There was no apparent treatment effect on a^A secretion
by cells from small follicles in Group A.
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concentration of a^A in 10~®M treated cells was
approximately 50% greater than that of the control group at
48 (P<.05) and 96 hours (P>.10; Figure 4).

At 144 hours,

cells treated with 10~®M ergotamine secreted 44% more a^A
than controls (Pi.02).

Androstenedione secretion did not differ significantly

between control and 10~®M groups; however, secretion of a^A
by 10~®M treated cells was greater than control at all
times. The difference in a^A concentrations between
treatments diminished over time.

Secretion of a^A by 10~®M treated cells from the large
follicle was reduced at 144 hours (P<.02) compared to that

at 48 hours. Secretion of A4A by untreated and 10~®M
treated cells did not differ over time (P>.10).

The concentration of a^A in Group A (cells from small
follicles), within any treatment, remained relatively
constant over the course of the study.

However, in Group B,

secretion of a^A by 10~®M treated cells at 144 hours was
significantly (P<.02) less than that at 48 hours (Figure 4).
There was a negligible decrease in androstenedione in

untreated and 10~®M treated cells at 96 and 144 hours
(P>.10).

The levels of a^A in Group A cells treated with 10~®M
ergotamine differed significantly from Group B at all times

(P<.001).

The difference in a^A secretion by untreated or

10~®M groups between Group A or B was not significant at any
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time although concentrations were consistently higher in
Group B at all times.

Gremulosal cells

Progesterone secretion by ergotamine all treated cells was

significantly less than controls (Ps.03) at 72 hours in the
large follicle.

The effect of ergotamine on P^ production by cells of
the small follicle was similar to that seen in the large

follicle.

Level of P^ in the ergotamine treated groups was

not different compared to the untreated group; however, the

level of P4 was lower in the 10~®M and 10~®M groups and

cells treated with 10"®M ergotamine secreted less P^ (P>.10)
than cells treated with 10~®M ergotamine (Figure 6).
Secretion of P^ by untreated cells of large follicles
increased over time and was significantly (Pi.04) greater at

72 hours (Figure 5). However, P^ production by cells

treated with 10~®M or 10~®M ergotamine was greatest at 24
hours (Figure 5).
Progesterone production by untreated cells of small

follicles did not increase with time (Figure 6); however,
the pattern of secretion in the cells treated with either

dose of ergotamine was similar to that of the large
follicle.

Secretion of 176-estradiol (Ej) at 24 hours was
inhibited by ergotamine in granulosal cells from both large
111
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(Ps:.03) and small (Ps.04) follicles.

At 48 hours, treatment

with ergotamine reduced Ej secretion in large (Pi.05) and
small (P>.10) follicles.

The effect of treatment on

estrogen production had diminished by 72 hours in cells of
both follicle groups.

Estrogen production at 24 hours in response to each

dose of ergotamine (10~® and 10~®M) was reduced to
approximately 60% of controls in cells of large follicles

(P=.07; Figure 7).

At 48 hours, cells treated with 10~®M

ergotamine remained at 60% of controls (P>.10) but Ej
secretion in cells treated with 10"®M ergotamine was 54%
lower (Pi.05) than control (Figure 7).

Estrogen secretion

was 22% less than controls in cells treated with either dose

at 72 hours (P>.10; Figure 7).

The production of Ej by cells of small follicles after
treatment with either dose of ergotamine was approximately
47% less than controls (Pi.06; Figure 8).

At 48 hours,

estrogen secretion was 30% less than controls in the 10""®M
ergotamine group (P>.10).

Estrogen secretion by cells

treated with 10"®!! ergotamine was reduced to 48% of controls
(P=.08).

There was no apparent treatment effect at 72 hours

in the small follicle which concurs with the large follicle
results.

The extent of the difference in E2 levels between
control and ergotamine treated groups diminished markedly

with time. In addition, the level of Ej production in
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untreated cells decreased significantly (Ps.003) over time
by cells from both follicle groups.

Estrogen secretion was

also reduced (Pi.005) over time in cells treated with 10~®

and 10"®M ergotamine in the large follicle. However, Ej
production at 24 hours by treated cells of the small

follicle was not statistically different from Ej levels at
48 or 72 hours.

At 24 hours, control cells of large follicles produced

significantly (P<.03) more Ej than control cells of small
follicles.

Ergotamine treated cells of the large follicle

also secreted more Ej than did those of small follicles but
the difference was not significant.

Estrogen production by

either untreated or treated cells of the large follicle did

not differ significantly from E2 production by cells of the
small follicles at 48 or 72 hours.

Discussion

The effect of ergot alkaloids, specifically ergotamine,

on in vitro production of steroids by thecal or granulosal

cells has not been reported; however, a decrease in serum P^
has been reported in several species including the mare
(McCann et al., 1992) and heifer (Estienne et al., 1990)

following the consumption of toxic fescue.

The pattern of P^ and a^A secretion by cultured thecal
cells in this study corresponds to that observed by others.
Roberts and Skinner (1990) reported that androgen levels
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(a^A and testosterone) were high in serum-free thecal cell
media for the first three days of culture, but thereafter

levels decreased and androgens were undetectible by day six.

In the current study, a^A concentrations were greatest at 48
hours and decreased with time in both large (Figure 3) and
Group B small follicles (Figure 4).

This effect was

especially evident (P<.02) in cells that had been treated

with 10''®M ergotamine. However, a^A levels in Group A small
follicles were not high at the outset and concentrations

remained constant throughout the study.

It should be

remembered, however, that the large follicles from these

ovaries had already undergone extensive luteinization
(visual appraisal) and hence were not utilized in this
study.

Therefore, it is possible that the thecal cells of

the small follicles, although not visibly luteinized, were

luteinized and would, consequently, produce

and not a^A

(Roberts and Skinner, 1990; Median et al., 1990).

In fact,

at 72, 120 and 168 hours, the untreated cells from Group A

had greater P^ levels than the untreated cells from Group B
small (Figure 2) and large follicles (Figure 1) except at
144 hours.

Roberts and Skinner (1990) reported that progesterone
concentrations in servim-free media remained constant

throughout an eight day study but that the thecal cells
changed from an androgen-producing cell to a progesterone-

producing cell.

Meidan and associates (1990) demonstrated
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that thecal cells in 1% FCS (fetal calf ser\am) produced

primarily a^A during the first day of culture, but

would

increase at the expense of A4A after three to five days in
culture.

The results of the current study support those

findings. Progesterone production by untreated and 10~®M
treated thecal cells in this study was relatively constant

up to 96 hours in culture but increased significantly at 144
hours in cultures in cells from large (Figure 1; P<.03) and
small follicles (Figure 2; P<.002).
Androstenedione levels in this were much lower than

those reported by Roberts and Skinner (1990).

However, 10%

FCS was included in the media of this study and Roberts and
Skinner (1990) report that androstenedione levels were
higher in medium collected from serxm-free cultures than
from cultures containing serum.

Treatment with 10~®M ergotamine stimulated (P<.002)
progesterone secretion above controls at 48 hours in thecal

cells from both large and Group B small follicles.

The high

dose of ergotamine also stimulated P4 production at 96 and
144 hours but the difference was not significant.

Treatment

with ergotamine (10~®M) stimulated a^A production by cells
of both large (P>.10) and small (Pi.05) follicles at 48

hours. The lower dose of ergotamine also stimulated a^A
secretion but not to the same extent (Figures 3 and 4;
P>.10).

The cause of this is not known; however, previous

studies indicate that the consumption of endophyte-infected
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fescue (Zanzalari et al., 1989) and ergotamine tartrate

(Zanzalari, 1990) increased hepatic cytochrome P-450 mixed
function oxidase activity.

The enzymes involved in ovarian

steroidogenesis are also of the cytochrome P-450 mixed

function oxidase family (Ojeda, 1988).

Therefore, it is

possible that the enzyme system involved in ovarian steroid

biosynthesis is also stimulated by ergotamine.

stimulation

of cytochrome P-450 would increase cholesterol side-chain

cleavage resulting in an increase in pregnenolone levels and

ultimately greater progesterone concentrations.

The enzyme

17«-hydroxylase which converts P^ to 17a-hydroxyprogesterone
as well as the enzyme 17,20-lyase that converts 11n-

hydroxyprogesterone to androstenedione are cytochrome P-450
dependent.

In addition, an increase in the production of

the substrate, P^, would further increase androstenedione
concentration.

Roberts and Skinner (1990) demonstrated that thecal

cell production of P^ could not be stimulated by hCG and
insulin on days one to three of culture; however, these

hormones could stimulate P^ levels on days four to six
(Roberts and Skinner, 1990).

Androstenedione secretion, on

the other hand, could be stimulated by hCG (but not insulin)
on days one to three but neither hormone had an effect on

days three to six (Roberts and Skinner, 1990).

Progesterone

production by cells treated with the high dose of ergotamine
surpassed that of controls at all times in thecal cells from
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both large follicles and Group B small follicles (Figure 1
and 2, respectively).

Treatment with

either dose of ergotamine stimulated

A4A to levels greater than untreated at all times in the
same cells.

Since the cells were responsive to ergotamine

on each day of the study, this would suggest that ergotamine
does not exert its effect in a manner similar to that of hCG
or insulin.

The addition of serum to the medium decreased

the hormone responsiveness of the thecal cells in the

previous study (Roberts and Skinner, 1990); however, the
media in the current study contained 10% serum and the

ergotamine treated cells continued to produce more

A4A.

and

These results provide further evidence to suggest a

different mechanism of action.

An increase in

production by the thecal cells may

also indicate that the cells are in the initial stages of
senesence (McNatty et al., 1985).

McNatty and associates

(1985) described three distinct types of theca interna in

the intact follicle.

Type I represents a hormone responsive

cell capable of secreting androgens.

Type II is

intermediate with regard to responsiveness and steroid
production and Type III is an atretic theca interna in which

the primary steroid is P^ with low levels of androgens. In
addition, levels of P^ increase with the advance of atresia
in cow follicles (Kruip and Dieleman, 1985).

In this study,

A4A levels in the ergotamine treated cells were greater than
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controls (Figure 3 and 4); however, as A4A decreased at 144
hours, P4 secretion by these cells remained substantially
greater than controls.

It may be, therefore, inaccurate to

state that ergotamine is stimulating

secretion as the

increase in P4 may be a reflection of the early stages of
cell death.

The pattern of hormone secretion by granulosal cells in

culture in the current study is in agreement with previous
studies.

Progesterone production by cultured granulosal

cells of large follicles increased over time and was

significantly (Ps.04) greater at 72 hours.

These results

support the earlier observations of Skinner and Osteen

(1988) in which P4 production by granulosal cells of large
follicles were low on days 1 and 2 in culture and high on
days 3 and 6.

In this study, progesterone levels in media

from small follicle cells did not increase with time.

This

is in agreement with the data of Skinner and Osteen (1988).
They found that granulosa cells from small follicles did not

secrete more P^ as they aged and the authors suggested that
small follicles are not as efficient as large follicles in

developing "luteinization-like activity".
Skinner and Osteen (1988) also demonstrated that

aromatase activity in bovine granulosa cells is dramatically
reduced after the first day in culture even though viable
cells could be maintained in culture for 3-6 days.

In the

current study, production of 176-estradiol by untreated
122

cells from the large and small follicle was greatest on day

one of the study with a significant reduction in estrogen

secretion occuring at 48 and 72 hours (Figure 7 and Figure
8).

Estrogen production by cells treated with ergotamine

from large and small follicles was also reduced on

subsequent days but the differences were not significant in

the small follicle (Figure 7 and Figure 8).
Estrogen production by untreated granulosal cells from

small follicles was significantly less (P<.03) than that
produced by untreated cells of large follicles at 24 hours.
These results support the findings of Skinner and Osteen

(1988) who found that aromatase activity increased slightly

as size of follicle increased.

Estrogen production by

ergotamine treated granulosal cells of the large follicle
was not statistically greater than that produced by treated
cells of the small follicle.

Thus it appears that

ergotamine treatment adversely affected large-follicle
function more than small-follicle function.

Untreated granulosal cells from both large and small

follicles secreted more

and E2 at all times than did

granulosal cells treated with ergotamine (Figure 5, 6, 1 and

8; P>.10).

Specifically, progesterone secretion by

ergotamine treated cells was significantly less than
controls (Ps.03) at 72 hours in the large follicle (Figure
5).

Estrogen secretion by treated cells from both large

(Ps.03) and small follicles (Pi.04) was less than untreated
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cells at 24 hours.

Estrogen secretion was inhibited in

treated cells from the large follicle at 48 hours (P<.05).
These results support the findings of ShelesnyaJc et al.

(1963).

They found that women dosed with ergocornine (2 mg)

immediately after ovulation had reduced levels of urinary
pregnanediol and total estrogens.
The mechanism by which steroid production in the

granulosa cell is inhibited by ergotamine is not known.
Estrogen production by atretic follicles is reduced in all

species (Mariana et al, 1991) and

production, as stated

above, increases in the bovine follicle undergoing atresia
(Kruip and Dieleman, 1985).

It is possible then that the

decrease in steroid production by the granulosa cell and the

stimulation of P^ secretion by ergotamine treated thecal
cells in this study is a reflection of impending cell death.

Furthermore, a 10~^M dose of ergotamine caused thecal cells
to detach from the culture plates and die (unpublished
obseirvations) indicating that high doses of ergotamine are

cytotoxic.

During the course of this study, some cells from

both thecal and granulosal cell groups did detach, however,
the niomber of cells to become detached did not appear to be
influenced by treatment.

The data of this study indicates that ergotamine may
have a direct effect on steroidogenesis in follicular cells.

Steroidogenesis in the thecal cell appears to be stimulated

by ergotamine whereas estrogen and progesterone production
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in the granulosa cell appears to be inhibited.

These

responses may be an indication of impending cell death.
However, visual inspection of the cell cultures did not

indicate that the cells were dying.

Therefore, ergotamine

may be acting via other mechanisms, possibly intracellular
components (i.e. cytochrome P-450 enzymes) to ilicit its
response.

The reason for the varaible response to

ergotamine between the granulosal and thecal cells is not

known.

However, it has been shown that these cells respond

to stimulation in a distinct manner after differentiation

into luteal cells.

Specifically, granulosa cells

constituitively produce more

than thecal cells; however,

thecal cells can be stimulated with hCG and insulin to

secrete more P^ whereas granulosal cells are non-responsive
(Meidan et al., 1990).

Therefore, the mechanism by which

the cells respond to ergotamine before and after

luteinization may differ as well.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

The fungal endophyte, Acremonium coenophlalum.

associa'ted with tall fescue is known to cause reproductive
problems in the bovine.

Symptoms characteristic of fescue-

induced reproductive problems include a delay in puberty, a
reduced rate of conception (Bacon et al., 1986), an

increased rate of abortion (primarily in the horse; Garrett
et al., 1980), and an inhibition of pituitary prolactin
secretion (Ball, 1984).

In addition, several studies

indicate that factors produced by the endophyte (i.e.
ergovaline, N-acetyl loline) are capable of inducing
vasoconstriction (Oliver et al., 1990; Rhodes et al., 1991).
The objectives of the present study were to determine:

1) if follicular development and function were compromised

in the heifer raised on endophyte-infected fescue, 2) if
there were alterations in basal and stimulated pituitary and

ovarian hormone secretion, and 3) if the toxins produced by
the fungus endophyte (i.e. ergotamine) could affect steroid
secretion by granulosal and thecal cells in culture.

Alterations in one or more of these criteria could provide a
potential explanation for the reduction in reproductive
efficiency observed in E+ fescue ingesting cattle.
Results from this study indicate that, in addition to a
reduction in PRL secretion, there are alterations in the

secretion of the gonadotrophins and ovarian steroids.
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Specifically, basal concentrations of LH and FSH tend to be
elevated in the E+ fescue ingesting heifer.

The LH and FSH

response to GnRH-stimulation was varied although in the

third year of the study gonadotrophin secretion was
consistently reduced.

One of the most intriguing effects

observed was the apparent ability of the endophyte-produced

alkaloids to inhibit LH secretion in response to estrogen

stimulation.

In fact, LH secretion by the E+ yearling

heifer was reduced at 14-15 hours after the injection of

176-estradiol in years 1 (P>.10), 2 (P<.05) and 3 (P>.10).
These results indicate that chronic exposure to E+ fescue

may interfere with the ability of the hypothalamus and

pituitary to produce an LH surge capable of inducing
ovulation.

Results from this study (year 3, specifically)

also showed that only 36% of the E+ yearling heifers had

ovulated in response to Ej-stimulation compared to 71% of
the controls.

Similar results were observed in the 8-month-

old heifer following GnRH-stimulation in which 85% of the

control heifers had produced a corpus luteum compared to
only 34% of the E+ heifers.

In addition to the reduction in P^ levels, a^A, T and
Ej secretion was also adversely affected in the E+ heifer

except during the period when P^ levels were known to be
high.

A reduction in these steroids may be a reflection of

a decrease in follicular development.

Indeed follicle

number and number of regressed corpora lutea were reduced in
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E+ fescue ingesting heifers.

A decrease in follicle number

would result in a decrease in the amount of steroid secreted

and a reduction in the negative feedback effects on the

hypothalamus and pituitary.

This, in turn, would lead to an

increase in basal gonadotrophin secretion as described

earlier. The reduction in number of regressed corpora lutea
supports the finding that the E+ ingesting heifer is often
unable to produce the preovulatory LH surge.

Studies regarding the direct effect of fungal
endophyte-produced toxins on steroid production have not

been conducted by others. The results of this my in vitro

study indicate that endophyte produced toxins, specifically
ergotamine, may act directly at the level of the cell

(granulosa and theca) to alter steroid production and
secretion.

Earlier studies have shown that E+ fescue

(Zanzalari et al, 1989), as well as ergotamine (Zanzalari,
1990), are capable of inducing hepatic mixed function

oxidase activity.

Steroidogenesis in the ovary is also

governed by cytochrome P-450 dependent mixed function

oxidases.

Therefore, the ergotamine-induced stimulation of

androstenedione and progesterone secretion by the theca1
cell may have been mediated by the cytochrome P-450
dependent mixed function oxidase system.

In vivo, steroid levels are reduced following the

consumption of E+ fescue pastures or E+ hay. Likewise,
estrogen and progesterone production by the granulosal cells
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in culture was reduced after treatment with ergotamine.

The

reason for the dissimilarity between the theca and the
granulosa in their response to ergotamine is not known but
one could assume that the response in culture would not be a
reflection of their actions in the follicle since each cell

type requires substrates or cell products from the other to

function properly.

The objective of this study was,

however, to determine if ergotamine, a fungal endophyteproduced toxin, could exert a direct effect on the cells of

the ovary and it appears that this question has been

answered in the affirmative.

The mechanisms by which the

effects are produced is, however, not known.
Therefore, both direct and indirect effects can be

invoked to explain the fescue effect.

Vasoconstriction,

undernutrition, as well as, a direct ovarian effect probably
all contribute to the changes in pituitary and ovarian
hormone secretion and these lead to a reduction in

reproductive efficiency.

In addition, effects of the

alkaloid on the hypothalamus and/or pituitary involving Ejstimulation of LH, for example, could affect gonadotrophin

secretion directly and interfere with the ovulation process
and prevent conception.
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